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RECENT ADVANCES IN PHOTOGRAPHIC THEORY.* 
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C. E. K. MEES, D.Sc. 


Director, Research Laboratory, Eastman Kodak Company, Rochester, N. Y. 
Member of the Institute, Associate Editor. 


A PAPER, which was presented to The Franklin Institute in 
1920, dealt with the structure of the photographic image and, inci- 
dentally, with the structure of unexposed photographic materials. 
Since that time, the structure of the sensitive material itself has 
been investigated by a number of workers, and the work has 
proved most fruitful in the increase of our knowledge of the 
properties and behavior of photographic sensitive materials. 
Already much light has been thrown on the nature of sensitiveness 
itself and on the behavior of the silver salts when they are acted 
upon by light." 

One of the greatest problems in all photographic science is the 
theory of emulsion making; that is, the discovery of the syste- 
matic relations which must exist between the methods employed 
in the preparation of the emulsion and the photographic properties 
of the material obtained. Attempts to solve this problem have 


* Presented at a joint meeting of the Sections of Physics and Chemistry 
and Photography and Microscopy held Thursday, December 7, 1922. Published 
as Communication No. 165 from the Research Laboratory of the Eastman 
Kodak Company. 

*A review of the present state of the subject, dealt with in this lecture, 
has recently beer published in the Jour. Frank. Inst., by Wightman, Trivelli 
and Sheppard (‘ Studies in Photographic Sensitivity,’ Jour. Frank. INsT., 194, 
1922, p. 485) and I am indebted to them for many suggestions incorporated here. 
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led to the subdivision of the subject into three separate studies : 
(1) The physico-chemical relations between the concentration, 
temperature, and other conditions existing during emulsion mak- 
ing, and the nature of the precipitate obtained; (2) the analysis 
of the precipitate into grains of different sizes; (3) the correlation 
of the frequency curves for the size of the grains of the emulsion 
with the photographic properties of the emulsion itself. Work on 
all three branches of the problem is now well under way. 

The study of the physico-chemical relations on which depend 
the form in which a precipitate is produced has been developed 
by a number of workers in recent years, and its application to 
the precipitation of silver halide has been studied by Trivelli and 
Sheppard, their work being published in a monograph on the silver 
bromide grain.* In the course of this paper, it is desired to 
present some of the results which have been obtained in connection 
with the analysis of the different sizes of grain which occur in 
emulsions. The correlation of the frequency curves with the 
photographic properties of the emulsion itself has already been 
dealt with by Wightman, Trivelli, and Sheppard, and will probably 


is more fully understood, and we may therefore expect that before 
long we may be able to define the form of the precipitate of silver 
bromide which will produce given photographic properties in the 
emulsion. An effective control of emulsion making will, of 
course, involve much study of the conditions of precipitation and 
also of the properties of the gelatine, which, apparently, has 
a very great influence on the specific sensitiveness of the silver 
halide produced. 

For many years the nature of the product of light action upon 
silver halide, which is generally known as the “ latent image,”’ 
: has been the subject of speculation and discussion, but the work 
which has been done upon the individual grains which compose the 
sensitive surface of a photographic material enables the nature 
of the latent image and its production to be attacked from a new 
angle, which must be valuable in shedding light upon this classical 
problem. The chief workers in this field are in three different 
countries. Professor The Svedberg, of the University of 


* Trivelli, A. P. H, and Sheppard, S. E., “ The Silver Bromide Grain of 
Phot. Emulsions,” Eastman Kodak Company, Rochester, N. Y. 


not present much difficulty when the nature of the frequency curve 
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Upsala, Sweden, published the first paper in 1919.° This dealt 
specifically with the influence of the grain structure upon sensi- 
tiveness. In 1918, there was formed in England a research asso- 
ciation for the photographic industry, the first director of which 
was R. E. Slade. He and his colleagues, G. I. Higson and, later, 
F. C. Toy and W. Clark, have published a number of papers on 
the subject. In the research laboratory of the Eastman Kodak 
Company, when Svedberg’s paper appeared, A. P. H. Trivelli® 
had already been at work for some time studying the microscopic 
structure of emulsions, and with his colleague F. L. Righter has 
now published several papers. At the same time E. P. Wightman 
and S. E. Sheppard ® have attacked the problem and within the 
last two years L. Silberstein * has done a great deal of work on the 
mathematical analysis of the questions involved. 

In his earlier work Trivelli made a large number of photo- 
micrographs of emulsions taken from standard photographic 
plates and films, one of which is reproduced in Fig. 1. 

It will be seen that the silver bromide grains, of which the 
emulsion is composed, are of extremely varied sizes, there being 
present a large number of small grains, down to the limit of those 
visible with a microscope, and a smaller number of large grains, 
including some of very much greater area than the smallest 
grains present. The largest grains are all polygons with angles 
of 60° and 120°. There is a tendency to round off the corners 
and edges of the small grains, so that the smallest grains appear 
to be more or less spherical. 


*Svedberg, The, “ Korngrosse und Empfindlichkeit in Photographischen 
Emulsionen,” Z. Wiss. Phot., 20, 1920, p. 36. 

*Slade, R. E., and Higson, G. I., “ Photochemical Investigations of the 
Photographic Plate,” Proc. Roy. Soc., g8A, 1920, p. 154. 

Higson, G. L, “ The Action of Light on the Photographic Plate,” Phot. 
J., 45, 1921, pp. 35, 144. 

Toy, F. C., “ The Sensitivity of Silver Halide Crystals which are Geo- 
metrically Identical,” Phot. J., 45, 1921, p. 471. 

* Sheppard, S. E., and Trivelli, A. P. H., “ Note on the Relation between 
Sensitiveness and Size of Grain in Photographic Emulsions,” Phot. J., 45, 
1921, p. 400. 

®* Wightman, E. P., and Sheppard, S. E., “ Size-Frequency Distribution of 
Particles of Silver Halide in Photographic Emulsions and its Relation to 
Sensitometric Characteristics, I and Il,” J. Phys. Chem., 25, 1921, pp. 181, 561. 

* Silberstein, L., “A Quantum Theory of Photographic Exposure,” Part I, 
Phil. Mag., 44, 1922, p. 257. 


: 
: 
: 


4 C. E. K. MEEs. [J. F. 1. 


A study of these small spherical grains by R. B. Wilsey,® 
however, using the methods of X-ray crystal analysis, shows 
that even the smallest grains are stiil definitely crystalline and 
have the same structure as the large grains, the crystalline form 
being a cubic lattice. The shape of the large grains is very well 
illustrated in Fig. 2, which shows a special emulsion prepared to 
give a large proportion of relatively large grains. 

The fact that the grains in an emulsion are of many different 
sizes has been known for many years, and in 1915 in a paper pre- 
sented to The Franklin Institute entitled “ The Physics of the 
Photographic Process,” * attention was called to the fact that the 
sensitiveness will depend upon the distribution of different sizes of 
grains, as will also the shape of the plate curve, this curve being 
the relation between density and logarithmic exposure. It was 
suggested that the shape of the curve will depend to a considerable 
extent on the distribution of the different sizes of grains in the 
emulsion. With a homogeneous emulsion we shall have a curve 
with a short over- and under-exposure portion, as seen in Fig. 3, 
and by adjusting the sizes of grains so that there is a sufficient 
number of grains distributed around the mean, we can diminish 
the under-exposure portion to obtain a longer straight line (Fig. 
4). We can therefore form a mental picture of the relation 
between the distribution of the grain and the sensitiveness curve. 

It will be seen from this that as long ago as 1915 it was realized 
that the distribution of the different sizes of grains in an emulsion 
might play a very important part in determining the characteristics 
of that emulsion. The problem was to measure the distribution 
of the grains; that is, the number of grains of a given size which 
occurred in an emulsion and the variation of the number with the 
size of the grain. This is a problem which has often arisen in 
scientific work. It has been studied in connection with suspen- 
sions of all kinds.’° Various indirect methods of attacking the 
problem have been suggested. It is possible to get determinations 
by settling the emulsion, taking advantage of the fact that the 
larger particles will settle most rapidly according to Stokes’ law. 


*Wilsey, R. B., “The Crystal Structure of Halides,” Phil. Mag., 42, 
1921, p. 262. 

* J. Frank. Inst., 179, 1915, p. 141. 

”“ A Photomicrographic Method for Det. of Particle Size of Paint and 
Rubber Pigments ” by Henry Green, N. J. Zinc Co., J. Frank, Inst., Vol. 192, 
Nov., 1921, p. 637. 
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This has been carried out in various ways by Odén, Westgren, and 
others,’ but the direct method is, clearly, to spread out a thin 
layer of the emulsion and to count the different sizes of grains 
occurring in it. Trivelli accomplished this by photomicrographic 
methods. He photomicrographed a thinly coated emulsion at an 
enlargement of 2500 diameters, enlarged the negatives to 10,000 
diameters, outlined all the grains of these enlargements, and then 
planimetered the grains and obtained tables showing the areas 


FIG. I. 


Silver halide grains of a photographic emulsion. 


of the different grains present, at least a thousand grains being 
counted for each emulsion. Wightman and Sheppard obtained the 
same results by the use of the camera lucida instead of photo- 
micrography. From the tables, curves were obtained showing the 
relation between the size of grains and the number present for sev- 
eral standard emulsions. Fig. 5 shows the results for the portrait 
film and slow lantern emulsions: It will be seen that the curve for 
portrait film shows a distribution of sizes of grain which corre- 
sponds approximately to a probability curve, the maximum number 


™ Odén, S., Intern. Mitt. und Bodenkunde, 5, 1915, p. 257; Proc. Roy. Sac. 
Edinburgh, 36, 1915-16, p. 219; Koll. Zeit., 18, 1916, p. 33; 26, 1920, p. 100 
Westgren, A., Zeit. Anorg. Chem.. 94, 1916, p. 193. 
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of particles being for particles of a diameter of approximately 
0.54, the particles both smaller and larger than this being fewer, 
until we have very few particles indeed of larger size than 2.74 and 
also few of smaller size than 0.24. On this small side no particles 
can be measured less than 0.2» because this is the limit of the 
resolving power of the microscope, so that even if smaller par- 
ticles exist, as they certainly do in some emulsions, they cannot 
be measured. Sometimes the maximum number of particles are 


Silver halide grains of large size from a special emulsion. 


those of very small size, and in this case the maximum is so far 
on the small side that no maximum can be measured owing to the 
limit of the resolving power of the microscope, and, instead of 
a symmetrical probability curve, we get one of an exponential 
shape. This is shown in the curve of the lantern slide emulsion. 

It is probable, however, that curves showing diameters will 
not be those of real value, because the controlling factor will not 
be the diameter of the particles, but their projective area, and the 
factor of importance in relation to their projective area is not the 
number, but the effective area of the particles of a given area 


% pile hail SREP IRA -2 mF 
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size, so that instead of using curves in which the number of par- 
ticles are plotted against the diameter, we should rather use those 
in which the effective projective area of the grains of a given 
size is plotted against the area of the single grains; the curves 
for the two emulsions previously referred to are given in Fig. 6. 

While this work was in progress, Slade and Higson '* had 
studied the grain of process plates, which they thought to be very 
homogeneous in size, and they considered that if the grains are all 


FIG. 3. 
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of the same size, we get the steepest characteristic curve possible, 
while if the grains are not all of one size a flatter curve is obtained. 
They found that, in all the cases they examined, the steepness of 
the curve could be foretold from the photomicrographs. 

Svedberg ** investigated systematically the relation between 
the size and sensitiveness of grains in photographic emulsions. 


* Slade, R. E., and Higson, G. 1, “ The Emulsion for a Process Plate,” 
Phot. J., 43, 1919, p. 260. 
* Svedberg, The, and Anderson, H., “On the Relation between Sensitive- 
ness and Size of Grain in Photographic Emulsions,” Phot. J., 45, 1921, p. 325. 
Svedberg, The, “ The Reducibility of the Individual Halide Grains in a 
Photographic Emulsion,” Phot. J., 46, 1922, p. 183. 
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He prepared emulsions so thinly coated that the grains were all 
in single layers and counted the grains of different sizes by 
classifying them into four classes. The emulsions were then 
exposed and developed and the developed silver removed, the 
remaining grains, representing those which had not been made 
developable by the action of light, being counted. In this way 
curves could be obtained showing the sensitiveness of the grains 
of each class, and it was found, as might be expected, that the 
larger grains were much more sensitive than the smaller grains. 
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Svedberg ** next suggested that the product of the light action 
in the halide grain, that is, the substance of the latent image, 
consists of small centres distributed through the grain or through 
the light affected part of the grain, and that these centres are 
distributed according to the laws of chance. A certain grain will 
therefore become developable if it includes one or more developable 
centres after exposure, and, according to the laws of chance, the 
probability of centres occurring in a grain can be calculated. The 
centres become visible during development, for if a plate be 
developed for a very short time, the grains show these centres as 


™ Svedberg, The, “On the Relation between Sensitiveness and Size of 
Grains in Photographic Emulsions,” Phot. J., 46, 1922, p. 186. 
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small black spots upon them. This was shown by Hodgson *° 
as early as 1917 (Fig. 7). 

Svedberg showed the centres clearly and made plain their rela- 
tion to the silver bromide grains by photographing the grains 
before development by deep red light, then developing for a short 
time, and removing the undeveloped halide. On the plate, there 
are then left small dots, and comparison with the first plate showed 
these to correspond with the silver halide grains originally present. 


FIG. 5. 
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Frequency curve (A) standard slow lantern slide and (B) par speed portrait film. 


Fig. 8 showing this is reproduced here from Svedberg’s paper.’® 
In the figure, A represents the undeveloped silver halide grains 
and B the centres found after removal of the grains. In C the 
two figures are shown superimposed so that the centres are shown 
on a faint outline of the original grain. 

Svedberg has shown that the number of centres produced in 
this way by initial development increases with the exposure in 
accordance with the usual photographic laws, and it might be 
assumed that the discovery of these centres produced during 
development is a proof of discreteness in the action of light upon 


* Hodgson, M. B., “ Physical Characteristics of the Elementary Grains 
of a Photographic Plate,” J. Frank. Inst., 184, 1917, p. 705. 
* Svedberg, The, “ The Interpretation of Light Sensitivity in Photography,” 
Phot. J., 46, 1922, p. 310. 
Vor. 195, No. 1165—2 


10 C. E. K. MEEs. [J. F. 1. 


the grain and that they must result from a structure in the silver 
bromide grains either existing before exposure or produced during 
exposure and corresponding, for instance, to spots of sensitive- 
ness. While the evidence for this seems very great, it must be 
remembered that we know nothing about these centres until 
development takes place and that even if the whole grain were 
equally affected by the action of light and changed to the same 
extent, we should still expect development to take place first at 


FIG. 6. 
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Size-area curve (A) standard slow lantern slide and (B) par speed portrait film. 

some local spot corresponding to slight surface differences in 
the grain. A sheet of metal immersed in acid, for instance, will 
not be attacked uniformly all over the surface. Because of the 
impurities, action will start at individual points, and since develop- 
ment corresponds presumably to deposition of silver from a super- 
saturated solution, it would naturally occur at local spots if any 
form of impurity were present and would proceed first at those 
spots. It may be argued that the presence of such impurities 
in the grain would of itself produce changes in sensitiveness, but 
the point that it is wished to emphasize is that local initial 
development is not necessarily associated with local differences 
of sensitiveness. 

In his work on silver halide grains, Trivelli showed by his 
photomicrographs distinct spots of reduction produced by the 
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action of light before any development had been applied to the 
grains (Fig. 9). 

On development, however, he found that the centres of 
reduction produced at the beginning of development did not 
correspond to the visibly affected spots which were produced 
by the action of light. These spots were distributed over the 
surface of the grain, whereas the initial reduction most frequently 
started at the edges or corners of the grain. The fact that the 
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Partly developed grains showing centres. 
centres of development start at the edges of the grain is mentioned 
also by Toy ** and is, of course, in accordance with what one 
would expect for a reaction such as development, if the edges 
and corners have a greater solution pressure than the rest of the 
surface, and thus these will be more liable to attack. 

If we assume that developable centres correspond to a segre- 
gation of the latent image, then the distribution of centres accord- 
ing to a probability law is what we should expect, however they 
are produced, since a chance distribution would be most prob- 
able in the absence of any known cause leading to another 
specific distribution.’® 
Fick. Toy, F. C., “ The Quantum Theory of Photographic Exposure : A Criti- 
cism,” B. J., 69, 1922, p. 443; “ On the Theory of the Characteristic Curve of a 
Photographic Emulsion,” Phil. Mag., 44, 1922, p. 352. 

*Cf. Toy, F. C., Phil. Mag., 1922, p. 354, and Wightman, Trivelli and 
Sheppard, loc. cit. 
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In a recent paper, W. Clark *® of the British Photographic 
Research Association has acted upon grains with a reducing solu- 
tion such as sodium arsenite and concludes from his results that 
the centres are an essential part of the grain structure and they 
exist in the grains from the time the emulsion is made. The 
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Grains and development centres. 


validity of Clark’s conclusions depends upon the assumption that 
the centres are not produced during development but exist before 
it, and the fact that he gets exactly the same chance distribution 
by the action of sodium arsenite as for light would suggest either 
that the centres attacked by light are also attacked by sodium 
arsenite or that the centres produced on development are produced 

* Clark, W., “ Grain Structure versus Light Quanta in the Theory of De- 
velopment,” B. J., 69, 1922, p. 462. 
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by development and are not directly dependent upon the existence 
of localized changes before development. 

In the very important paper by Toy, quoted above, measure- 
ments are given showing that the number of nuclei produced on 
initial development are proportional to the number of grains 
which become developable on complete development and that the 
larger grains not only have more nuclei on account of their 
size, but that these nuclei are more sensitive to light than those 
in the smaller grains, the sensitivity of a grain being the sensitivity 
of its most sensitive nucleus. Svedberg considers that the number 


FIG. 9. 


A silver brcmide crystal deposited from solution in ammonia 
showing surface decomposition produced by light. 
of developable centres per unit area of grain surface is a measure 
of the light sensitivity of the silver halide of the emulsion. From 
Toy’s work it would seem to be doubtful whether we can speak of 
the light sensitivity of the halide itself in terms of the nucleus 
theory, since this will vary with the size of the grain. 

As will be shown later, Silberstein has come to much the same 
conclusion as Svedberg as to the relation of the number of 
developable centres to light sensitivity and has given mathematical 
formule for this connection.”” 

Renwick 7 has suggested that sensitiveness is due to nuclei 
which probably consist of a colloidal solution of silver in the 
halide. He thinks that in the crystalline silver bromide there is 

*® Silberstein, L., “ A Quantum Theory of Photographic Exposure,” Part 
III, to be published shortly in Phil. Mag. 

* Renwick, F. F., “ Colloid Chemistry and Photography,” B. J., 68, 1921, 
p. 607. 
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present some highly unstable form of colloid silver in solid solu- 
tion, and it is this colloid silver which first undergoes change on 
exposure to light. He believes that these silver particles may be 
negatively charged and that the action of light is to discharge 
them and thus enable the coagulation into larger groups of the 
particles of colloidal silver which existed in the grain before 
exposure. He believes that it is these groups of coagulated par- 
ticles which are the reduction centres. 

While Svedberg was studying the distribution of the developed 
centres among the grains and finding that they had a probability 
distribution, Silberstein and Trivelli ** made the same discovery 
for the number of grains which become developable with a given 
time of exposure. They found that the chance of a grain becom- 
ing developable increased very much with its size and obtained 
an equation leading to the same results as Svedberg’s for the 
relation between the number of developable grains and their area. 
Silberstein, however, who obtained his formula theoretically 
before the experiments of Trivelli were completed, ascribed this 
not to structure in the material, but to a structure in the radiation 
falling upon it. 

Recently, a number of phenomena have been observed which 
are very difficult to explain by the use of the classical wave theory 
of light, and it seems not unlikely that it may be necessary to turn 
to a theory having some analogy to the corpuscular theory. Asa 
first step towards this, Max Planck suggested his now well-known 
quantum hypothesis, according to which an atom radiating energy 
liberates it in discrete quanta, the amount of energy corresponding 
to each quantum being a constant multiplied by the frequency of 
the light. Bohr adopted Rutherford’s theory of the structure of 
the atom, considering the atom to consist of a nucleus carrying 
a positive charge of electricity and to be surrounded by one or 
more electrons carrying a negative charge, the electrons revolv- 
ing about the positive nucleus itself. He imagined that the 
electrons revolve without radiating but that when an electron 
suffers some violent shock, it gives energy, and that this 
energy is radiated and has the value of Planck’s quantum. 


* Silberstein, L., “ Quantum Theory,” Part I, loc. cit. 
Trivelli, A. P. H., and Righter, F. L., “A Preliminary Investigation on 
Silberstein’s Quantum Theory of Exposure,” Phil. Mag., 44, 1922, p. 252. 
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Thus, if an electron, by the sudden impact of another electron, 
for instance, is thrown out of an atom and is attracted back to its 
place by the nucleus, then as it falls back, it will send out a pulse 
of energy, and it will be seen at once that if light is produced by 
such a behavior of electrons, it is inherently probable that it will 
be radiated in pulses rather than continuously. Since, according 
to Bohr, the frequency of the vibration emitted is exactly propor- 
tional to the energy which the electron releases, Planck’s quantum 
condition is fulfilled, and we have the famous equation 
Ve =n 
where 
I’ is the voltage acting on the electron charge ¢ 
is the frequency 
and 
h is Planck’s constant 

In an X-ray tube, the discharge of electricity is in the form 
of a stream of corpuscles travelling with a velocity which is very 
high and which depends upon the voltage of the electric current 
applied to the tube. When these corpuscles strike the target, their 
energy is radiated in the form of X-rays, and we know that these 
X-rays partake very closely of the nature of light except that the 
length of the waves is about one-thousandth of those of light or, 
what is the same thing, their frequency is a thousand times as 
great. It is to this that they owe their great penetrating power. 

On the classical wave theory of light, then, we should imagine 
that an X-ray tube having its target bombarded by the stream ot 
corpuscles produced by the current would emit waves of X-rays 
spreading into space just as waves of light are imagined to spread 
from a source; but now comes a great difficulty. When these 
X-ray waves travelling out pass through a gas and are absorbed, 
they cause the molecules of the gas to emit electrons, and these 
electrons are emitted with almost exactly the same velocity as the 
electrons in the tube which produced the X-rays themselves. The 
extraordinary nature of this phenomenon is well illustrated by Sir 
William Bragg in a recent article: ** He takes as an analogy the 
dropping of a log of wood into the sea from a height of one 
hundred feet. A wave radiates away from where it falls; the 
wave spreads; its energy is more and more widely distributed; 


* Bragg, W., “ Electrons and Ether Waves,” Sci. Monthly, 14, 1922, p. 153 
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the ripples die away; at a short distance, a few hundred yards 
perhaps, the effect will apparently disappear. If the water were 
perfectly free from viscosity, and there were no other causes to 
fritter away the energy of the waves, they would travel indefi- 
nitely, always diminishing in their height. Now, at some point, 
say a thousand miles away, these now microscopic ripples 
encounter a wooden ship. We should expect that they would 
produce no effect, especially as they may have passed many other 
ships without having affected them, but, for some reason, as 
these tiny ripples reach the ship, a plank of the same weight as 
the log is hurled out of the ship to a height of exactly one hun- 
dred feet, and the whole energy which was originally supplied 
by the log falling into the water is concentrated upon the ejection 
of the plank. It will be seen at once how inadequate the wave 
theory is to account for this phenomenon. Similar difficulties 
occur in connection with photoelectricity or the liberation of 
electrons under the influence of light. 

The method by which a photographic emulsion adds up light 
during a long exposure has always been a great problem when it 
is considered from the standpoint of the classical wave theory. 
If we accept the idea that the grains of silver halide in an emul- 
sion are exposed to a continuous flood of light from a distant 
star, for instance, then each grain must be imagined to be 
integrating light until it has received enough to make it develop- 
able. Since the exposure required in astronomical photography 
is frequently very long, we must consider that the grains continue 
to integrate the light for many hours, and it is difficult to imagine 
any mechanism which would enable them to do this. The diffi- 
culty is enhanced by the fact that even a very brief exposure 
continues to produce an effect after an interruption of a long 
period, so that if all the grains have been affected by the first 
exposure, they must be capable of storing energy quite insufficient 
to make them developable and to hold this energy for a long 
period and then resume its accumulation at the level where the 
interruption occurs. In the same way, when we study the ex- 
posure of the individual grains, even if we could imagine some 
mechanism by which the grains could store up the energy falling 
upon them until they became developable, we should expect that 
all the grains of the same size would become developable at the 
same time unless, indeed, we assume the process of exposure to be 
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autocatalytic in nature. When grains are examined under the 
microscope, however, some of them are found to have been 
affected before others. If we imagine that they all have become 
exposed to a uniform flood of light, we must consider that these 
grains differ in sensitiveness among themselves and that the 
possibility of change on exposure, so that they become develop- 
able, is due to the presence of a sensitizer. This may either be 
concentrated unequally in the different grains or may form centres 
of sensitiveness similar to those supposed to exist by Svedberg 
and other workers in the field who think that the centres found 
at the beginning of development are the origin of sensitiveness 
and are present from the time of making the emulsion. 

If we had no prior knowledge of the wave theory of light, 
however, it is clear that the simplest explanation of the sensitive- 
ness of different grains would be that, instead of a continuous 
flow of light in the form of waves on to sensitive films, the light 
was falling upon it as a rain of projectiles and that these projec- 
tiles made developable any grains that they hit, the grains that 
were missed not being developable but being hit later if they 
continued to be exposed to the radiation. Naturally, the bigger 
the grains, the more likely are they to be hit, so that a calculation 
can be made of the relation between the size and the per- 
centage number of grains which will become developable after a 
given exposure. 

When this was tested experimentally, it was found that in the 
plates which were used in which the grains are spread out in a 
single thin layer, the grains tended to stick together in clumps, 
two or three small grains attaching to each other, and it was found 
experimentally that if one of these grains is affected by light, the 
whole clump becomes developable. The developability of a clump 
by infection from a single exposed grain has been questioned. 
Svedberg examined this subject for his own plates and found 
specifically that no such infection occurred. On the other hand, 
Trivelli and Righter measured many clumps on their plates and 
considered the existence of infection to be proved beyond doubt.** 
it is quite probable that the discrepancies are due to differences in 
-™ Trivelli, A. P. H., Righter, F. L., and Sheppard, S. E., “On the Mutual 
Infection of Contiguous Silver Halide in Photographic Emulsions,” Phot. J., 
46, 1922, p. 407. 
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the emulsion. Trivelli has found in recent work *° that different 
preparations of an emulsion show great differences in the tend- 
ency of clumps to become infected, some preparations showing a 
large proportion of clumps which are entirely developable, while 
in other preparations it is quite possible to develop one grain of an 
apparent clump and to have other grains showing no development. 

On any chemical theory of differences of sensitiveness in the 
grains, it is difficult to imagine that a clump of grains will be 
more sensitive than the most sensitive single grains, although 
we could imagine that a big grain would be more sensitive than a 
smaller grain, but on a light projectile theory, a clump of small 
grains will act just as if it were one big grain of the same area, 
because the chance of one of the grains being hit by a light 
projectile and making all of them developable is just the same as 
if the total area were filled by one grain. It is consequently 
possible to calculate the rate at which clumps containing different 
numbers of grains will be affected by the light, and when this was 
measured experimentally for clumps containing two, three, four, 
and more grains, it was found that the values of “ sensitiveness ” 
of the different clumps agree very well with those which were 
calculated on the light projectile theory as developed by Silberstein. 

Whatever the projectile of light is, it must be associated in 
some way with waves, because, as was said earlier, the frequency 
of the vibration emitted is proportional to the energy of the elec- 
tron which produced it, and so, while we have gone back to a 
projectile theory of light, instead of the idea of a continuous 
wave front, we have not abandoned waves. Silberstein suggests 
that the projectiles rather than being called “ corpuscles,” which 
gives the idea that they are round, should be called * light darts ”’ 
and should be imagined to consist of a long train of waves of very 
small diameter travelling with the velocity of light. 

Einstein has found that the emission of energy from an 
atom emitting its spectral radiation must be definitely oriented 
in direction and cannot be propagated in a spherical wave, the 
atom recoiling and thus preserving the thermodynamic equilibrium. 

It is obvious that this theory of light darts would meet the 
difficulties which are offered by the phenomena of X-rays and 
photoelectricity to the idea of a continuous wave front, while not 


* A letter on “ The Effect of Development upon Grain Clumps,” B. J., 69, 
1922, p. 687. 
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excluding the possibility of the formation of interference and 
diffraction effects, and at first sight it would seem to offer a 
solution of the problem of the integration of exposure by the 
silver halide grains of the emulsion, since we might assume that 
instead of a grain integrating energy falling upon it until it had 
received enough to make it developable, it was not affected at all 
until struck by a quantum of light and then became developable 
completely. If this were so, however, we should expect that the 
amount of energy necessary to make a grain developable would 
be, on the average one, and at most, a few quanta, more than 
one being necessary because of the chance that a fresh grain would 
not be struck by every “light dart”’ falling upon the emulsion, 
some falling between the grains and others striking grains which 
were already developable. 

It has long been known that the amount of energy required 
to make a grain developable is in absolute amount very small, 
and in my paper before the Institute in 1915 it was suggested that 
quite possibly it was of the order of one quantum per grain, this 
being derived from a rough calculation by P. G. Nutting based 
on some measurements of the energy required to make a plate 
developable to a given density. 

Up to the present there have been very few trustworthy meas- 
urements of the amount of energy necessary to make photographic 
plates developable, and the measurements available are not in such 
a form that a satisfactory factor for the number of developable 
grains after exposure can be found. Leimbach ** made a number 
of careful measurements of the energy transmitted through a 
monochromatic spectrophotometer. He found that for a 
Schleussner plate 0.6 erg per square centimetre would give a 
density of unity at a wave-length of 450. In some work which 
has just been started in our laboratory we are getting results of 
the same order as those of Leimbach, and I think we may conclude 
as a preliminary statement that for high-speed emulsions several 
hundred quanta of violet light are necessary per grain in order to 
make the grain developable. 

If this result is confirmed, the light dart hypothesis would 
scarcely seem to be sufficient by itself to explain the integration 
of energy by the emulsion, and we are thrown back on to the idea 
ot differential sensitiveness among the grains or of spots of 


” Zeit. Wiss. Phot., Vol. 7, No. 5, pp. 157 and 181; Sct. Abs., Vol. 12, p. 1209. 
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limited area on the grains, so that of the hundreds of quanta 
striking a grain only one may be considered to be operative, the 
rest falling upon the insensitive portions of the grain. Suppose 
that the fraction of a grain which is sensitive is ¢ and this con- 
sists on an average of K spots of » area; then, 
Ko =éa. 

Now, if a grain has no spots it will be quite insensitive and will 
not be developable no matter how long it is exposed, so that the 
value of K and can be determined experimentally by counting 
the grains left over after a very prolonged exposure. 

The distribution of sensitiveness among the grains of an 
emulsion may thus be ascribed to (1) a heterogeneity in the radia- 
tion, together with a variation of sensitiveness either over the 
whole surface or in the form of local centres in the material, in 
which case the sensitiveness will be a probability function of the 
size of the grain, or (2) a distribution of centres of sensitiveness, 
which will also be distributed according to a probability function. 
This function may either be proportional to the volume or to the 
area of the grain, while the chance of being hit by a light dart 
would be proportional to the area only. It seems to be possible 
that no crucial distinction between the two hypotheses can be 
made by direct photographic determinations. A study, however, 
of the effect of desensitizers upon the developability of grains 
exposed to light may make a decision possible. In any case, a 
question of great importance in connection with the latent image 
is the amount of energy required to make the silver halide develop- 
able. If the new determinations show that several hundred quanta 
of violet light per grain are necessary, then a revision of ideas 
relating to the latent image itself will follow as compared with 
those ideas derived from the belief that the energy available is 
only one quantum per grain, in which case it is clear that the 
latent image must depend upon a change occurring in a single 
atom of silver or halogen, since the only work we can imagine one 
quantum capable of doing to be the release of a single electron 
from an atom. If several hundred quanta per grain are available, 
then it is clear that not one atom of silver per grain may be 
affected but that several hundred atoms may be changed and that 
an appreciable, though very small, amount of chemical decom- 
position may be effected by the energy available. More important 
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still, quantitative differences in the amount of latent image present 
in a grain become possible. If only one quantum per grain is 
available, a grain is either exposed or not exposed, but if energy 
corresponding to an amount of several hundred quanta are used, 
we might imagine that a grain could become partly exposed, so 
that, for instance, it might be developable by a developer of high 
reduction potential but not by one of low reduction potential. 
Moreover, grains might clearly be of different degrees of sensi- 
tiveness, that is, they might require different amounts of energy 
to make them developable, and the whole idea of quantitative 
differences in sensitiveness and exposure, which is so difficult if 
we imagine one quantum of energy per grain to be sufficient to 
produce a complete change in the grain which will make it develop- 
able, becomes perfectly intelligible. On the other hand, the 
division of the sensitive area into a number of small sensitive 
spots, which accords with the ideas both of Silberstein and of 
those other workers such as Svedberg who have located sensitive- 
ness in “centres,’’ would still enable us to retain the idea that 
a single quantum of energy is sufficient for exposure if it reaches 
one sensitive spot. 

In concluding this paper I feel that my presentation of the 
subject demands some apology. I have endeavored to summarize 
the recent work done by a number of workers on the theory of 
photographic sensitiveness, but I have not been able to present a 
clear and definite creed drawn from their findings. The facts 
which have been ascertained are not as yet sufficiently coOrdinated 
to enable us to distinguish between the several explanations which 
are possible and | have chosen rather to put forward, as fairly 
as I can, the views held by others, than to select one specific theory 
and advocate its adoption. The work of the next few years will 
undoubtedly clear up much that is dark and uncertain at the 
present time. 


Spontaneous Decomposition of Ammonium Chlorate.—Ac- 
cording to Frep FarirpRoTHER, of Victoria University, Manchester, 
England (Jour. Amer. Chem. Soc., 1922, xliv, 2419-2422), the rate 
of the spontaneous decomposition of ammonium chlorate is auto- 
catalytically accelerated when the products of the decomposition are 
not quickly removed. The solid mass, which remains at the end of 
the reaction, is almost pure ammonium nitrate, and is free from 


chlorides. }. a Ba 
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The Relation between the Evolution of Heat and the Supply 
of Energy during the Passage of an Electric Discharge through 
Hydrogen. J. Keitm Roperts. (Proc. Roy. Soc., A 714.)—‘“In 
this paper an account is given of measurements of the heat evolved 
by the passage of a known current under a known potential through 
a hydrogen discharge tube. The experiment was suggested by Sir 
Ernest Rutherford as a possible test of the hypothesis in which he 
supposed that a much closer combination between an electron and a 
hydrogen nucleus than that existing in the hydrogen atom might occur 
under suitable conditions. The experiments of Aston, which show 
that the masses of all atoms except hydrogen are whole numbers, 
indicate that the close binding of electrons and positive nuclei causes 
a decrease of mass, owing to the interaction of the fields. Such a 
decrease of mass might be expected to occur if the supposed close 
combination of a single hydrogen nucleus and an electron took place. 
We should expect this decrease of mass to be accompanied by an evo- 
lution of energy, since a mass m has energy % mc* associated with it, 
c being the velocity of light.” 

The hydrogen discharge tube, 19 cm. long and 2.5 cm. in diameter, 
was placed in oil, the calorimetric liquid, contained in a Dewar flask. 
When the discharge traversed the tube the temperature of the oil 
rose. This was measured by four thermo-junctions in the liquid. 
Immersed in the same oil was a heating coil. Through this current 
was passed until the same elevation of oil temperature was attained 
as had been produced by the operation of the hydrogen tube. Then 
the two quantities of electrical energy which had caused the same rise 
of temperature were compared. These agreed to about .3 per cent. 
for a series of experiments. This shows that “the conservation of 
energy holds in the energy changes in a discharge tube.” 

An interesting by-product of calculations in this paper is this, that 
after an electron has fallen through one volt its energy of translation 
is equal to that of a gas molecule at 7730° abs. Under the operating 
conditions of the tube an electron fell through as much as 330 volts. 
This would correspond to a temperature of 2,600,000° abs. This is of 
the same order of magnitude as the temperature held by Eddington to 
obtain in certain types of stars. “ In order to account for the fact that 
the energy radiated by giant stars is too great to be supplied by the 
loss of gravitational potential energy by contraction, it has been sug- 
gested that atomic changes of this nature occur in these stars. If 1 
per cent. of the mass of a giant star were converted from hydrogen to 
helium the energy evolved would be sufficient to supply the star with 
energy for 1.5 x 10° years.” Two hundred ergs per second would be 
radiated by the mass of the star. Applying this rate to the very small 
mass of hydrogen in the experimental tube it was found that any 
effect that might be expected from this radiation was too small to be 
detected. The hypothesis advanced by Eddington as to the origin 
of stellar radiation is therefore not affected by the results of 
this experiment. G. F. S. 


THE TRANSFORMATION OF COLOR MIXTURE 
EQUATIONS FROM ONE SYSTEM TO ANOTHER. 
II. GRAPHICAL AIDS.* 

BY 
HERBERT E. IVES, Ph.D., 

Member of the Institute. 

INTRODUCTION. 

IN a previous paper under this title’ I have outlined the 
processes necessary for transforming color measurements from 
one trichromatic system to another, and from a trichromatic to 
the monochromatic system (spectral hue, luminosity and purity). 
in the present paper the same problems are considered, but the 
solutions are worked out in graphical instead of algebraic form. 
This form of treatment is made possible by consenting, at least 
during part of the work, to a limitation in the generality of the 
problems to be handled. This limitation is that the absolute 
luminosity, or the level in the space figure representing the color 
system, is not considered. We shall be here concerned primarily 
when dealing with the two systems of color measurement with the 
relative amounts of our trichromatic primaries and with the 
relative amounts (on a luminosity scale) of spectral color 
and white. 

This limitation of the problems is one which 1s ordinarily 
tacitly made in the color measurement of illuminants, for which 
in fact the principal calculations of the present paper were origt- 
nally made. With illuminants the luminous values (¢.g., candle 
powers) may be anywhere on a scale of theoretically infinite 
length, not interrelated in any way with the chromatic character 
of the light. Luminous values of light sources are customarily 
the subject of separate determination, and the color measurement 
normally consists merely of those relative amounts of primaries or 
of spectral color and white to which we are here initially to be re- 
stricted. This case is to be distinguished from that of the color 
measurement of a transmitting or reflecting medium in which it is 
usual to measure the luminosity as a fraction, definitely restricted 
to values between zero (black) and unity (white or complete 
* Communicated by the Author. 

* Jour. Frank. Inst., Dec., 1915, p. 673. 
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transmission) whatever the value of the illumination, which latter 
conditions the absolute luminosity. 

As the sequel shows, the limitation assumed does not narrow 
the range of problems amenable to graphical methods as much as 
the preceding paragraph would suggest. For, by the utilization 
of data which are accumulated in the complete processes involved, 
it is possible to solve certain problems in which luminosity values 
are an essential part. This is notably the case in the measure- 
ment of transmitting or reflecting media, for which the graphical 
methods become in fact very time-saving mechanical aids to per- 
forming the calculations outlined in the earlier paper. 

The theory of the operations performed in the present paper 
is all set forth either explicitly, or implicitly, by the treatment of 
closely similar problems, in the previous paper. Consequently it 
is considered permissible here to present several specific problems 
practically as worked examples, with a minimum of explanation. 


DATA REQUIRED FOR THE SOLUTION OF THE PROBLEMS. 


The experimental data necessary to the complete quantitative 
solution of the problems to be considered are as follows: 

1. The amounts of a reference or standard set of trichromatic 
primaries which must be mixed to reproduce a spectrum of known 
energy distribution; the plot of these through the spectrum will 
be referred to as “ spectral mixture curves.” 

2. The distribution of luminosity through a spectrum of 
known energy distribution. 

3. The distribution of energy through the spectrum corre- 
sponding to white light. 

4. The distribution of energy through the spectrum of the 
trichromatic primaries which are to be used in making the meas- 
urements. These primaries will be referred to as the “ work- 
ing primaries.” 

For the first of these we shall use the Koenig “ fundamental 
sensation ” curves, modified in the manner dictated by considera- 
tion of the luminous values of the sensations, as developed in the 
previous paper. These are shown in Fig. 1 (light lines, arbitrary 
scale) plotted for an equal energy spectrum, on the basis of equal 
areas of the red, green and blue curves for a “ white light ” defined 
as black body radiation corresponding to 5000° absolute. In 
Fig. 2 they are shown as plotted for white light so defined, Tables 
I and II give the numerical values used. 
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For the distribution of luminosity we shall use the equal 
energy spectrum luminosity curve or luminous efficiency curve 
obtained by the present writer and published as an element of 
“ The Photometric Scale.””? It is also shown in Fig. 1 (heavy 
line, maximum value unity) and Table I, column 2. This differs 
slightly from the curve used in the earlier paper. 

For the distribution of energy in white light we shall use, 
as in the earlier paper, the emission curve of a black body at 5000 


TABLE | TABLE II. 
Equal Energy Spectrur White Light Spectrun 
L 
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BB 5000 
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49 215 o6O17 I 233 -932 200 0575 154 217 
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.58 870 462 39 O1os 1.004 883 164 306 y105 
-59 777 -435 57 oosti 1.004 750 440 285 051 
.60 -633 398 195 -0024 1.003 635 399 199 0024 
OI -491 -348 133 .0009 1.002 192 349 133 0009 
-62 -362 2890 1923 0005 -997 301 .288 og2!I 0005 
603 .240 .214 O555 0002 -9902 238 -212 o55!1 0002 
64 164 153 1340 ) 983 I 150 1334 .0 
65 Io! 0957 184 970 1986 0934 180 
66 000 osso 00 Q07 3558 Oso! 1007 
67 038 344 54 959 1394 0380 052 
68 0 or48 023 049 )200 0140 .002 
.69 O13 .0090 -OOT4 -939 -O122 090 o001t3 
-70 -007 -0052 0007 928 0077 0048 0007 


absolute. This is computed from the Wien-Planck equation using 
the value 14,350 for the constant c,, and is also shown in Fig. 1, 
plotted to an arbitrary scale of ordinates;* the numerical values 
are in Table II, column 1. The luminosity curve of the white 
light spectrum is the product of the luminous efficiency curve by 
the energy distribution as shown in Table II, column 2. 

* Jour. Frank. Inst., August, 1919, p. 217. 

* This value of c: was used because the calibration of a “ color temperature ” 
standard lamp from the Bureau of Standards used in the work for which 
these methods were developed, was on this basis. 
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For the energy distribution of the working primaries we shall 
take the transmissions of three special colored glasses, a yellow, a 
green and a blue, as used in conjunction with a black body at a 
temperature of 2848° absolute. These primaries are used here 
because their characteristics have been measured in connection 
with another problem and are available. Any other set of three 
colors, well separated in the spectrum, would do as well for our 
present purpose. The energy distributions of these working pri- 
maries are shown in Fig. 3, the ordinates being on an entirely 
arbitrary scale. 


PROBLEM 1:1. TRANSFORMATION OF WORKING PRIMARY MIXING 
QUANTITIES TO REFERENCE PRIMARY MIXING QUANTITIES. 


The first step is to find the reference primary values of the 
working primaries. This is done by integrating the products 
E,,S,, dfor all three working primaries, where F., is the energy 
value for a given working primary, S, the mixing amount of 
the reference primary for the reference equal energy spectrum at 
the wave-length A. This is done graphically, taking the products 
of the curves of Fig. 3 and Fig. 1, and obtaining the areas of the 
resultant curves by means of a planimeter. The results of this 
operation on our chosen primaries are listed in the table below. 
(The units are of course entirely arbitrary.) For purposes of 
economy of words the reference primaries will hereafter be spoken 
of as “ sensations,” it being understood that the term is correctly 
applied only to the fundamental primaries which are here used. 


Tasre III. 
Working Red Green Blue 
Primary. Sensation. Sensation. Sensation 
ers 543 .352 O1l4 
ae eee .372 574 418 
ME, sd bias Anh hal a wie alain .426 .494 .979 


The sensation values are the codrdinates of the working pri- 
maries in the rectangular coordinate system in which the three 
sensations are plotted along the axes, the scale being that for 
which white light is given by equal quantities of the three sensa- 
tions. In Fig. 4 the triangle of which the working primaries 
(Y,, G,, B,) are the vertices is shown in this rectangular coordi- 
nate system. We shall call it the “ working primary triangle.”’ 


The straight lines joining these working primary points with the 
origin of coOrdinates, and extended, constitute loci of the same 
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relative proportions of the sensations, or lines of the same hue.* 
These may be produced to cut the plane in which lie all the points 
for which the sum of the sensation values is unity, on which 
plane the three coOrdinate planes mark out the fundamental refer- 
ence color triangle. We shall call this the “ unit-sensation-sum 
triangle.”’ In order to find where the working primary hues lie 
in this triangle, it is only necessary to multiply the figures in 
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Table I by such values as shall make the sensation sums unity for 
each working primary. The figures obtained are as follows: 
TABLE IV. 


Working Red Greet Blue 
Primaries. Sensation. Sensatior Sensation. 
Yellow ..... agent Se .3884 0126 
OO erro 273 421 .300 
LEP Ae ere .225 .260 515 


*The term “hue” is used in conformity with the practice followed in the 
first paper. The practice of the majority of color terminologists indicates 
that the term “chroma” would be preferable to designate the straight lines 
in question, using the term “hue” to designate the planes through these lines 
and the white-black line. 
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These sensation values are the coordinates of the vertices of a 
triangle lying on the unit-sensation-sum triangle, as shown dia- 
grammatically in Fig. 4 (¥., G., B.). We shall call this the 
“ working primary hue triangle.” 

Our problem is now to establish a one-to-one correspondence 
between points in the working primary triangle and the working 
primary hue triangle. This is a simple problem in projective 
geometry. If we call the coordinates of the yellow working 
primary +, ¥;, 2;, and that of the blue working primary, -r., Vo, 2», 
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Data shown in Fig. 1 as applied to white light (5000° black body). 


etc., the sides of the triangle whose vertices are the origin of 
coordinates and these two working primaries, are of lengths, 


origin to Y; =Vy x? + + 2," 


origin to G. = V x* + ye +2" 


Y; to GG, = V (x1 — x2)? + (i — 92)? + (tn — &)? 


Similarly we can get the three sides of the triangle whose vertices 
are the origin of coordinates, the yellow and the blue vertices of 
the working primary hue triangle. These two triangles are shown 
in Fig. 5. Now we shall assume (as the only reasonable scale to 
work with) that the sides of the working primary triangle are 
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divided into equal parts. Dividing the Y,—B, side of the work- 
ing primary triangle, as shown in Fig. 5, into equal parts, we 
obtain at once the corresponding divisions on the working primary 
hue triangle by producing straight lines from the origin through 
the dividing points as shown. Upon performing the same opera- 
tion for the other two sides and joining the corresponding points 
in the three sides we finally obtain the triangle shown in Fig. 6; 
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with sides unequally divided, but lying in the fundamental refer- 
ence plane—the working primary hue triangle. 

This triangle is the solution of our first problem. Its manner 
of use is simple. Suppose a color is measured in terms of the 
working primaries as of value 


B=b 
where y+g+b=1 (either as measured or by reduction). It is 
now only necessary to lay off a distance y units from the G—B 
side toward Y, g units from the } —B side toward G, and b 
units from the Y — G side toward B, in the small triangle of Fig. 6, 
to locate a point. The position of this point in the unit-sensation- 
sum triangle (on a portion of which the working primary hue 
triangle is superposed) gives the value of the color (or properly 
its hue) at once in the fundamental units. The procedure is ot 
course reversible, the value of any color given in terms of funda- 
mental sensation units may be transtormed to working primary 
values. Thus the (white) centre of the fundamental triangle, 
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marked in Fig. 6 by a circle, is immediately read off in terms of 
our working primaries as Y = .39, G=.25, B=.36. 

It may be remarked that a picture is obtained of the various 
projection processes involved in the transformations outlined by 
noting that the working primary triangle, with its sides of unequal 
length but each marked off in equal divisions, is the projection of 
an equilateral triangle of equally divided sides made by parallel 
rays on a plane at an angle to the plane of the triangle (ortho- 

FIG. 4. 
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Diagrammatic representation of projection processes for transforming working primary values 
to fundamental sensation values. 


graphic projection); and that the final triangle in the unit- 
sensation-sum plane is the projection of the working primary 
triangle on that plane made by divergent rays from the origin of 
coordinates (stereographic projection). These projection pro- 
cesses are shown diagrammatically in Fig. 4. 

At this point it is well to call attention once more to the 
limitations of the solution we have obtained. It tells us merely 
the location of the hue, that is the relative proportions of the three 
sensation primaries in the color originally measured in terms of 
the working primaries. This as previously noted is a limitation 
inherent in the graphical method. It is, however, all the infor- 
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mation we ordinarily need when measuring illuminants. Where 
absolute values in the sensation space figure are wanted, they can 
be arrived at by algebraic methods, provided the coordinates of 
some common point are known in the two trichromatic systems. 


In the earlier paper the common point chosen was a reference 
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Process for finding the scale in the unit-sensation-sum plane corresponding to equal divisions in 
pi’ 
the working primary plane. 


white, and the scales used were such that both sets of measure- 
ments evaluated this white as equal admixtures of the three pri- 
maries. The same algebraic method is applicable to the present 
more general problem in which are handled the energy distri- 
butions of the primaries as used, irrespective of the color corre- 
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sponding to any particular scale reading. The algebraic methods 
necessary for this case as given in the earlier paper are adequate 
and probably simpler than any graphical solution, since the latter 
would involve three dimensions. 


PROBLEM II. DERIVATION OF MIXTURE CURVES OF THE SPECTRUM. 


The kind of diagram developed in Fig. 6 may be utilized in a 
problem met in the construction and use of trichromatic colori- 
meters. This problem is the determination of the mixture curves 
of the spectrum for the spectrum patches or colored glasses used 
as the instrument’s working primaries. It is a problem which 
occurs also in the application of the three-color principle to color 


Fic. 6. 


The wcrking primary triangle transferred to the equal-sensation-sum plane. 


photography, where the “ taking’ screen transmissions must con- 
form (assuming uniform photographic action through the spec- 
trum) as closely as possible to the spectral mixture curves of the 
colors corresponding to the ** viewing ’’ screens, thus necessitating 
a knowledge of the latter curves. 

The initial steps in this problem are identical with those set 
forth in the earlier paper and in the preceding sections of this. 
We first find by determining their sensation values what amounts 
of the instrument’s primary colors mix to give white; the energy 
distributions of these primaries.in the proportions used constitute 
the “ working primaries.” Their relative mixing proportions to 


yield all the colors in the sensation triangle are determined by 
constructing a diagram similar to Fig. 6. (Where a large range 
of colors is to be measured or reproduced the instrument primary 
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triangle will be relatively much larger and lie closer to the spec- 
trum than does the inner triangle of this figure.) From this the 
percentage mixture curves of the spectrum may be read off at 
once, that is, the relative amounts of the three primaries, on a 
scale of maximum value unity, necessary to match the spectral 
hue at each wave-length. This is as far as the graphical method 
takes us. The next step is to obtain from these percentage curves 
the ordinary spectral mixture curves. In these latter the three 
elements are of the shapes which add to give the luminosity curve 
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Projection of Maxwell primary working primary triangle on the modified Koenig 
sensation triangle. 


of the spectrum, when the amount of each primary is represented 
in its luminosity value, but of the size dictated by the convention 
that the areas under the three elementary curves shall be equal for 
white light. 

In order to solve this step of the problem one method would 
be to utilize the luminosity curve of the (white light) spectrum, 
and the luminous values of the primaries, as determined from 
their spectral composition and the equal energy spectrum luminos- 
ity curve (Fig. 1). Then, having found, as above, the relative 
proportions of the three primaries needed to match any wave- 
length (percentage mixture curves), the rest of the problem is 
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the purely arithmetical one of finding the actual amounts of the 
three primaries, taken in these proportions, whose total luminosity 
shall equal that of the spectrum at the wave-length in question. 
These actual amounts (on a scale which is determined by the 
arbitrary choice of spectral patch width and other units in carrying 
through the work) form, when plotted, the desired mixture curve 
of the spectrum for the primaries chosen. 

The method just outlined depends for its success on a knowl- 
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pectrum mixture curves for Maxwell's primaries, as computed from modified Koenig 


data aon line). Maxwell's own data are shown by the dashed line, those of his assistant by the 
dot and dashed line. 


edge of the luminous values of the primaries and on the exact 
agreement of the three-color mixture data with the spectral lumi- 
nosity curve, t.¢., they should be determined by the same observers 
and under the same conditions. An alternative means is available 
when the spectrum mixture curves of the fundamental primaries 
(e.g., sensations) are known, as has been assumed. This method 
consists in taking at each wave-length such quantities of the work- 
ing primaries in the proportions indicated by the percentage mix- 
ture curves as shall together give the amounts of the fundamental 
primaries present, as shown on the mixture curves of the latter. 
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In practice it is only necessary to assure that one of the funda- 
mental primaries is present in proper quantity, for instance, the 
red through the orange and red, the green through the yellow 
and green, etc. ; 

Using this latter method I have determined, as a matter of 
interest, the mixing proportions of the three primaries used by 
Maxwell in his pioneer investigation in 1859. Fig. 7 shows the 


FIG. 9. 


The fundamental sensation triangle, showing (outer curve) the position of the epectrum, 
(inner curves) the amounts of the spectral colors, on a luminosity scale, to be mixed with white 
to match all colors from white to spectrum. 
necessary parts of the working primary triangle as projected 
on the sensation triangle, where the wave-length scale on the spec- 
trum is as in Fig. 9, and Fig. 8 shows the spectrum mixture 
curves as computed therefrom (full lines). The dashed and dot 
and dashed lines are the data of Maxwell’s two observers as 
reduced to a normal spectrum. The agreement thus shown be- 
tween Maxwell's observers and the mean observer represented by 
Koenig’s curves, as arranged and transformed in the first paper 
of this study, is on the whole surprisingly good. 
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Attention may here be called to the fact that statistical studies 
of color vision, such as are desirable to establish an average eye 
for purposes of color specification, could be most simply made 
by determining mixture curves of the spectrum with some con- 
venient set of three primaries, as done by Maxwell. These curves 
could then be transformed to any set of primaries decided upon 
as rational, by the transformation methods here set forth. 


PROBLEM III. TRANSFORMATION FROM TRICHROMATIC TO 
MONOCHROMATIC SYSTEM. 


We shall take as our trichromatic system the fundamental 
sensation system defined by the curves of Fig. 1. Any other tri- 


Fic. 10. 


40 45 50 35 60 65 10 


Luminosity curve and sensation curves for white light (s000° black body), divided into strips 
for transformation process from trichromatic to monochromatic system. 


chromatic system defined by a set of spectrum mixture curves 
could be used equally well. The spectrum in the fundamental 
sensation system is represented in the unit-sensation-sum triangle 
by the curve, marked in wave-lengths, of Fig. 9. 

The first step is to plot to the same wave-length scale both the 
luminosity distribution, and the sensation distribution for white 
light, the data for which occur in Table II, columns 2, 3, 4 and 5, 
and in Fig. 2. The resultant curves are shown in Fig. 10 (arbi- 
trary scales). Next we divide the spectrum into a large number 
of narrow strips of equal width, of which several are shown in the 
figure, the width being small enough so that each is substantially 
monochromatic. In the present case the strip width chosen was 
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004". The third step is to find the sensation values of each strip, 
in terms of the sensation values for the integral spectrum, that 1s, 
the area in the strip under each of the three sensation curves, 
referred to the total area under the corresponding curve taken as 
1/3. To illustrate, in the strip .478 to .482» the sensation curve 
areas included are, in terms of the sum of the total white light 
sensation as unity, 
RS = .00059 GS = .0026 BS = .0106 

In the rectangular coordinate system in which white light 
corresponds to equal sensations, these spectral strips form a series 
of points lying along a closed curve very close to the origin of 
coordinates (C,, Fig. 11). 

It is now our purpose to find the coordinates of spectral colors 
which shall be equally luminous with the integral white ot the 
unit-sensation-sum triangle. In order to do this we first deter- 
mine the areas of the monochromatic strips in the luminosity 
curve diagram, in terms of the total luminosity of the white. 
These determined, we multiply the sensation coordinates just 
obtained by the reciprocals of these relative luminous values. We 
thus obtain a second spectral curve in the space diagram all points 
of which correspond to equally luminous spectral strips, each of 
the luminosity of the integral white (C., Fig. 11). 

From this point the procedure is identical with that outlined in 
the last section. We find the distances from each of these equally 
luminous spectral points to the origin and to the white centre of 


the unit-sensation-sum triangle (distant ¥ from the origin of 
coordinates). The positions of the spectral strips in the unit- 
sensation-sum triangle are derived in the way already described, 
from which their distances to the origin of coOrdinates and the 
white centre are fixed. These positions form a curve which is 
the one shown in Fig. 9, marked with wave-lengths. We then 
have for each strip two triangles with the same vertex and vertex 
angle, the base of one of which lies in the unit-sensation-sum 
plane, while the base of the other connects the white point in that 
plane with the equally luminous spectral color. This latter base 
line we divide into equal parts, and join the dividing points to the 
origin by straight lines. The points where these lines cut the plane 
of the unit-sensation-sum triangle are the dividing-points on the 
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line in that plane connecting the white point with the hue of the 
spectral strip, corresponding to our equally spaced scale between 
equally luminous white and spectral color. The whole process is 
shown diagrammatically in Fig. 11. 

It is now only necessary to perform this operation for a suffi- 
cient number of wave-lengths to cover the spectrum, after which 
the resultant points are to be joined up into curves as shown in 
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Diagrammatic representation of the projection processes for transforming sensation values to 
spectral hue and relative amounts of spectral color and white. 


Fig. 9. In this figure any color (hue) is represented by a point; 
its spectral hue is obtained by producing the line joining the point 
and the white centre until it cuts the spectrum curve. The amount 
of spectral color on a luminous scale necessary to take to match 
the color (purity or saturation) is the length of this same line 
measured from the white centre and read off from the intercepting 
curves, which are numbered from zero (white centre) to 1.00 
(spectral color). The amount of white is the difference between 
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this number and 1.00. For instance, 1.00 C=.15A+.85 W. 
For purples the scales have simply been continued to negative 
values. The equation of a purple is formed in the same way as 
for any other color, that is, so that the sum of spectral color and 
white shall be 1.00. For instance, 1.00 C =—.15A+1.15 W, or 
1.00 C+.15A=1.15 W. 

The background of the diagram, Fig. 9, is the fundamental 
sensation triangle; points on either system can be located on the 
other by the use of a straight edge. A convenient way to print 


y ae 


Sa weeiatiaindiiatdinatniiia a 
8 40 4% ' B50 52 A 56 56 GO 62 64 66 68 My 
The three sensation curves for white light plotted according to their luminous values. Their 


sum is the upper full line curve; the dashed line isthe luminosity curve for white light. 
diagrams of this sort would be to have each set of coordinates in 
a different color, so that they could overlap without confusion. 

Thus far the process developed is adequate only for fixing the 
hue of a color, that is, we have merely its spectral hue and purity 
in the monochromatic system, or its relative proportions of red, 
green and blue, on the trichromatic system. These, as earlier 
noted, are all of the data ordinarily required in the color measure- 
ment of illuminants. In order to make the complete transfor- 
mation of measurements from one system to the other, we must 
know the luminosity values of the trichromatic primaries; in this 
case of the three fundamental sensations. We have thus far in the 
present treatment steered clear of assigning luminosity values to 
the sensations, although each monochromatic strip used in the 
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processes based on Fig. 10 actually gives values for one of a set 
of simultaneous equations from which these may be obtained. In 
the earlier paper luminous values for the fundamental sensations 
were derived by the solution of such equations. In order to fit the 
luminosity curve of the equal energy spectrum used in the present 
paper slightly different values are necessary, as follows: 


Luminous value of red sensation in white light .......... 568 
Luminous value of green sensation in white light .......... .426 
Luminous value of blue sensation in white light .......... o0c6 


It may be noted that the summation of the three sensation 
curves with their weights assigned as shown in Fig. 12 gives a 
check with the white light luminosity curve which is not as close 
as the previously derived values yielded in connection with the 
luminosity curve then used. In default, however, of sensation and 
luminosity data simultaneously obtained, which are really neces- 
sary for the solution of these problems, the above figures are the 
best available.® 

Suppose now that we have a complete color measurement on 
the trichromatic system. To reduce it to the monochromatic sys- 
tem we derive its spectral hue and purity by the use of Fig. 9 as 
already described. To obtain its luminosity value, we have merely 
to multiply the three sensation values, which are expressed in 
terms of some standard white, by their appropriate luminous 
values, as given in the last paragraph. The sum of these luminous 


*F,. Exner has recently (Wien. Ber., 1921, p. 27) made a determination 
of the relative luminous values of the three Koenig sensation curves by an 
equivalent though less direct method than that used by the writer. His 
values are, on the unit-sum scale here used, R—.562, G=.425, B=.013, 
Exner notes the fact pointed out in the writer’s 1915 paper, that no possible 
value can be assigned to Koenig’s red curve which will permit the luminously 
evaluated sum to match the white light luminosity curve. Exner remedies 
this by arbitrarily amputating the second elevation of the red curve in the blue 
region of the spectrum, considering the original observations as sufficiently ill 
determined to warrant this. He then so modifies the remaining curves that the 
crossing points of the three are still’ in agreement with his own earlier de- 
termination. The position of the crossing points is altered by the shift in the 
blue primary which was the means selected by the writer to modify the Koenig 
curves while not conflicting with Koenig’s observed values. These crossing 
points differ so considerably with different observers, as is shown by spectral 
hue discrimination data, as to make them fully as uncertain as Koenig's data. 
This whole matter of the exact correlation of color mixture and luminosity 
data offers a large field for research. 
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values is the desired third factor, namely, the luminosity of 
the color. 

Conversely, if we have a complete color measurement on the 
monochromatic system, we obtain its relative red, green and blue 
proportions by the use of Fig. 9. The absolute red, green and 
blue sensation values are obtained by first multiplying the relative 
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Color triangle in the coérdinate system whose units are equal luminous values of the sensations. 


sensation values by their respective luminosities, and then finding 
the constant by which the sum of their luminosities must be multi- 
plied to make it equal to the measured total luminosity. This con- 
stant is the figure by which the three relative sensation values 
must be multiplied to yield absolute sensation values. 

In connection with the use of the luminous values of the refer- 
ence primaries, it may well be asked why recourse is not made at 
once to the color mixture coordinate system in which the units are 
equal luminous values of the primaries. In such a system, points 
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in the color triangle (unit-sensation-sum plane) would be all of 
equal luminous value, and the problem of determining amounts of 
spectrum color and white would be one of direct measurement 
on a scale of equal divisions. In order to illustrate this possibility 
with its practical disadvantages, I have, in Fig. 13, plotted the 
spectrum in the color triangle form from the sensation curves as 
given in their luminous values in Fig. 12. It will be obvious at 
once that, due to the excessively low luminous value of the blue 
sensation, the white point, and a large portion of the colors in 
which we are ordinarily interested lie unworkably close to the red- 
green side of the triangle. Our working primary triangle, for 
instance, is as shown, flattened down almost to coincidence with a 
straight line. This makes clear that the ordinary coordinate 
system in which the color elements rather than luminous values 
are given equal rating is far preferable where color quality is the 
thing in question. 

By means of Fig. 13 it is a simple matter to answer a question 
of some theoretical interest, namely, the relative luminous values 
of complementaries in the spectrum. These are found simply 
in this triangle by determining the relative distances of the two 
colors from white; their luminous values are as the reciprocals of 
these distances. The outstanding fact is the almost negligible 
luminous value of the blue light adequate to make white by 
mixture with yellow. 

PROBLEM IV. REDUCTION OF SPECTROPHOTOMETRIC TRANSMISSION OR 
REFLECTION DATA TO TRICHROMATIC OR MONOCHROMATIC SYSTEMS. 

It has been assumed in the problems thus far treated that 
the actual measurements are made on some form of colorimeter, 
that is, either by a three-color mixture instrument, or by an instru- 
ment measuring luminosity, spectral hue, and purity. An interest- 
ing case from the standpoint of color specification is offered where 
the actual measurements made are those of reflection or transmis- 
sion at each wave-length, by a spectrophotometer, which are then 
reduced to trichromatic or monochromatic values, for simplicity 
of description. The advantage, other than simplicity, offered by 
this scheme is that the spectrophotometric values are not subject 
to variations due to the color vision of the observer, as are true 
color measurements ; the original spectrophotometric data provide 
the full information necessary for the manufactory or standard- 
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izing laboratory, while the derived color sensation or hue, 
luminosity, and purity. values provide all the information in 
which the user of such a commodity as a paper or paint is 
ordinarily interested 

The reduction of spectrophotometric reflection or transmission 
data to either of the color systems is performed by fairly obvious 
applications of the data given, and may be most easily presented 
in the form of instructions. Ordinarily the color values desired 
are for white light, consequently we use the data of columns 2, 3, 
4 and 5, Table I, and Fig. 2. 

I. Reduction to Color Sensations.—Multiply the transmission 
or reflection factor at each wave-length by the red, green and blue 
sensation values (Fig. 2). The areas of the resultant curves, 
expressed as fractions of the areas of the original curves, are the 


required sensation values. 
Il. Reduction to Spectral Hue, Luminosity and Purity.—Mul- 
tiply the transmission or reflection factor at each wave-length by 


the white light spectral luminosity curve (Fig. 2). The area of 
the resultant curve, expressed as a fraction of the original lumi- 
nosity curves gives the /wminosity, 1.e., the integral visual reflec- 
tion or transmission factor. 

(An alternative method is to give to each sensation value, as 
derived under I, its luminous value. Thus if the red sensation 
value is multiplied by .568, the green by .426, and the blue by .006, 
the sum of these figures is the luminosity. Since, however, the 
luminosity curve is better determined than the luminous values of 
the sensations the method of the preceding paragraph is prefer 
able, although it involves an extra operation. ) 

Next obtain the sensation values as above, multiply them by 
such a factor as to make their sum after multiplication, waity. On 
the unit-sensation-sum triangle (Fig. 9) locate the hue by finding 
the point where the red, green and blue coordinates (vertical dis 
tances from each side toward the corner corresponding to the 
primaries) are the three unit-sum sensations just obtained. To 
find the spectral hue, draw a line from the centre of the triangle 
(white) through the point, continuing it to cut the spectrum, and 
read off the wave-length. The purity (amount of spectral color 
in luminous units) is read off the intersected curves which 
roughly concentric with the white point. 
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Illustrations —An orange of medium saturation could have 
values 
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A purple would be represented by its complementary hue, and 
its purity by a minus value, thus: 
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It need hardly be pointed out that while in each of the prob- 
lems considered the numerical results are dependent on the par- 
ticular trichromatic reference frames chosen, the results obtained 
for the reductions to hue, luminosity and purity will check with 
direct experiment only if the spectral mixture and luminosity 
curves used are consistent with each other. In the case here 
considered this means the consistency of the modified Koenig 
sensation curves with the spectral luminous efficiency curves used. 
It is hardly likely that the meagre data of the Koenig curves will 
be sufficiently in agreement with the much better determined spec- 
tral luminous efficiency curve to guarantee a close experimental 
check. Color measurements of illuminants made both by tri- 
chromatic and monochromatic methods, against the same standard 
white, would show how closely these reference curves agree, but 
exact data of this sort are at present lacking. The methods 
developed in the paper are, however, general, and applicable to 
more complete experimental data when available. The status of the 
whole problem of color measurement and specification would be 
materially advanced by the determination of a set of trichromatic 
mixture curves of the spectrum, using some well-considered set 
of primaries (which need not necessarily be the fundamental sen- 
sations) these curves to correspond to the same average eye and 
conditions of observation as does the comparatively well-deter- 
mined spectral luminous efficiency curve. 
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ELECTRICAL OSCILLATIONS ON LINES.* 
BY 


LOUIS COHEN, Ph.D. 


Consulting Engineer, Signal Corps, U.S.A. 


THE subject of electrical oscillations on lines is of contin- 
uously growing importance in electrical engineering. It extends 
to all branches—telephony, telegraphy, power transmission, etc.— 
and also irrespective of the character of the electromotive force 
impressed direct or alternating. Whenever a change occurs in the 
circuit conditions, a transient effect is introduced which generally 
assumes the character of oscillations or wave propagations on the 
line. The circuit condition changes which are inevitably present 
in all systems are those which occur at the instant of closing 
or opening of the circuit. 

A knowledge of what occurs on the system during the estab- 
lishment of the steady state is of great importance. In the case of 
telegraphy, for instance, the transient effects produced by the sig- 
nalling are predominant, and the speed of signalling, particularly 
in the case of ocean cable telegraphy, is governed and determined 
by these effects. In power transmission, the transient effects may 
at times assume a character of destructive proportions, and must 
be understood and carefully guarded against. The problems pre- 
sented by these effects are generally complex in their nature and 
cannot be readily subjected to experimental investigations. 
Mathematical analysis must be relied upon for the study and 
understanding of the phenomena associated with these tran- 
sient effects. 

The importance of this subject was fully appreciated by engi- 
neers for some time, and many valuable papers covering different 
phases of the subject can be found in engineering literature. The 
subject, however, is so large and complex that any new presen- 
tation of it which will help to make the subject more intelligible 
to the engineers, throw additional light on it, and perhaps facili- 
tate the solution of the many problems that may arise in connec- 
tion with it, should prove of value. It is believed that the 
method developed in this paper for the solution of this class of 


* Communicated by General George Oo. "Squier, “Chief Signal Officer, 
U. S. A., and Associate Editor of this JourNAL. 
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problems offers many advantages in the matter of directness and 
simplicity. A limited number of cases are worked out, but the 
method is applicable to the solution of many others. The appli- 
cation of the formule derived here to some practical problems 
will be considered in another paper. 

Those who are acquainted with Heaviside’s publications will 
recognize that I have made use of the expansion processes devel- 
oped with such great skill by Doctor Heaviside, and have adopted 
them for the methods developed in this paper. I am, of course, 
under deep obligations to Doctor Heaviside’s writings for the 
inspiration and suggestions derived from them. 

Consider the case of a line of uniformly distributed induct- 
ance, capacity, resistance and leakage, these being designated by 
L, C, R, and g, respectively. The current voltage relations at any 
point on the line are expressed by the following equations : 


' oe, ae 
at Ree ee 
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Designate by p the time differential operator (p==>), and 
the above take the forms: 
oe ci 
(Lp + R)I = - a? 
. oe Z 
(Cp + g)¥ 7 ae ) 


We may eliminate either J] or ’ from the above equations, 
from which results the well-known equation of propagation: 


avVv 
dx? gv, 3 
where 
g = (Lp+R) (Cp +g). 4 
The solution of equation (4) is 
V = Ae®™ + Bee . 5) 


By the aid of the first equation of (2) we get the expression 
for the current: 


y ) agx ~ ax | ; 
[= — ~<— AE Bé bs )) 
Lp+R {| ) 


Equations (5) and (6) are the general solutions for the 
voltage and current, the constants A and B to be determined by the 
terminal conditions in each special case. 
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LINE GROUNDED AT ONE END. 


Assume a sinusoidal e.m.f. of frequency = e=E, impressed 
m Tw 
at one end of the line, and the other end being grounded, the 
terminal conditions in this case are: 


x=0,V=ke™, } (7) 
x=l,V=o0. } , 
Substituting in (5), we get 
aut 
A+B=Ee , | (8) 


Aet 4 Be-Weao, | 


From these two equations the two constants A and B are 


determined : 
—Ee~e"* 
ae 
Few ei 
oo ev _e—al 


Substituting in (5) the resulting equation for the potential at any 
point on the line at distance X is: 
Ve ~ Sinh g (/—x) +, 
Sinhgl ~ (10) 
In the above expression g includes the time differential oper- 
ator which is so far indeterminate. For the steady state in the 
case of a sinusoidal e.m.f., the problem is very simple; operating 
by p on &” gives jwe’. The complete solution, however, to 
include the transient as well as the steady state, for either an 
alternating or a direct impressed e.m.f., the problem offers some 
difficulties. In the following a new method is proposed for the 
solution of this problem, which is believed to be novel and applic- 
able to many other problems of this class. We may write equa- 
tion (10) in the following form: 


. Sinh ¢ (l—x) l aj 
V = —-k - q Ee (11) 
qi Sinh g/ 
By trigonometry 
ql , 2]2 ) I I I } 
—— = = — 2¢°/? : -_ —— bo —— ———— es sb (12) 
Sinh g/ - (m4 gi? (27)? + gi? (37)? + gt \ 


where 


—_— R 
gl? =P(Lp+R) Cp g) =PLC p+p/( + e.) _ g ( 
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Put for brevity 


r= Lo’ _ =2a, ( = 2b, 13) 
we get 
i 
gh == | ph +2(a+0)p +400 (14) 
and 
wee AS - I 
32 ee se : — a , 
T + gl l PP +2 (a+b) p+ 4ab+—- (15) 


The denominator in equation (15) may be put in the follow- 
ing form: 


pf? +2 (a+ b) p+ 4ab+ 7 = (p— ki) (P — ky’), (16) 
where 
ki = — (a+b) + (@—0d)?- 7 
a (17) 
, rly? 
ki = —- (a+b) — \ ee) -- 
Hence, 
I v I 18) 


m+@r” PF (p—hk) (p— ki) 
By partial fractions equation (18) may be put in another form 
as follows: 


I v I I 
m+ qP~ Biki—ky) (P—k p— at oo 
The other terms of equation (12) may be put in a form similar 
to (19) as follows: 


I v2 I I ) 
(Gry +q? ~ Pi — mr) \z ks p ae 

I 
GrP+¢P ~ Piks—k) (pk phy 


(20) 


a eee Mess = ss de ed 
(nvt)?+q@? P(kn—kn’) (p—kn p—kn'’ 
where 


ko, ko’ = — (a+6) 4 \ (a — 5)? — (27 


i") 
ae ac Fla F 
ky, ks’ = — (2 +0) + V @— dy? - a) 4 (21) 
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k 
I I ky 1 I ) ky k;? k® 
—=-(1- =—Jirt+t4+ttSteet @) 
p—k p ( p ) pi p p* p 
Operate by this series an ¢’“ which is simply successive time 
integration, the limits of integration being zero and ¢t. Replace 
jw by y for brevity and we get 


J ev! = [e'- Ss ey! — - 
p 0 a 
I 


. e I ‘ ‘ 
Expand each of the terms 5g in a series as follows : 


I 
oy! = . ey! — : / 
| ~ " .- 1 
I I I I 1 ft > (23) 
ov! me ev! — t— 
?* © 3 | > 
/ -~ 
fp tn— 
Re Sa BB Soe mas 
> J 
pn ys” yn y#—1 yn—2 2 ) In—1I 


Assembling all the terms and arranging them in suitable order, 
we have 


net = 21M (1 hs a+ ae +--+) ) 
p-h~ ~ pls ‘ e | 
A k ki? 
-2(14+ 243 4---) | 
2 
: —. ki? f (24) 
- kit 1+ —-+ a eee 
ana me (1+ +S 4---) | 
The above is equivalent to 
ev ky ehat 
tt ee ee (25) 
p-h- Pli-— ‘1-=| 
} 
Similarly 
H yt rghit 
a ee ee ~—, hi ' (26) 
p — ki” p |1- — , ie el 


Substituting from (25) and (26) into (19) results the relation 


(27) 


4 co loud e 6 
a v? 1 (ye! Pan ev keh hye! . 
y—khy y¥— ky’ yY—k: y—k,’ 


Operating on the bracket term of (27) by Zs which is time 
i integration, we get 


50 Louts CoHEN. [J.F.1 


I ee ae we ee . 4 Mes 
Ply-k = y—k —k, — ky’ Y¥-k,  y¥—ki yk yh; 
oe 4 poet. "| ee Se _ eo 
—k, y—k, —k, y—ky') " —k, Y—ky’ y—ky —k, 
(28) 


We finally obtain 
en Oe 4 I: ton 
Tt + gif? P (ki — ky’) y—k, y-kh y—hk y-k 

It is obvious by inspection that the first part of the bracket term 
of above equation is exactly of the same form as (19) except that 
p is replaced by y. We may therefore write above equation in the 
following form: 


a 


I t_ gta 2 ( ef’ eft ae 
— = —_—- --—-— < ~- ome =e , \3 
e+ GP t+ Hh P(ki—k')l y-k’ y—k 
where 
9 I 2 i 1 
s= = y* + 2y\a + b) + 4acr°* (31) 


Applying the same process to the other terms of equation (12), 
we shall have: 


Bs al ee ee en e ) 
— a eo _¢ oe a & ce ail o 
(ar)? + gh (a7)? + SP I (ky — ke’) 1 y—he —kS 
I a I iP yp? ghs't oka } 
———a ee es eee = bees —- b 9 - 
(37)? + og (37)? +s? P (ks — ks’) ( y—ks —haS a 
I ” I _v 2 ( gkn’t cn! 


/ 
“taster *Rd.—be) ly-ke’  yode) 


_ 
~ 


(nx)? + gi? 

It will be shown presently that the terms in equation (32), 
which contain the factor ¢”%, are parts of the expression which 
gives the steady state of the voltage on the line, and the terms 
containing the factors e¢*.', e*«' represent the transient part of 
the voltage. We may consider them separately, designating the 
part contributing only to the steady state by the subscript s, 
and the other part by the subscript ¢. Consider first the e” 
terms, and we have 


y! 


giv 


= = }r-29n/ | SORE: ST ER te | 
Sinh ql™ (s) Ue \ rt +P (ant +st , 33 
Operating by g/? on ¢” involves complete differentiation 
which in this case would only change the p’s to y’s in the g 
expression and consequently change qg*/* to s*/?, hence 
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re ( ee ( I I I 
———E = {1-257 — —— 
Sinh gi ( mr? +. 2)? 27)? + s*? 37)? + s*? 
sl ive 


Sinh sl ~ 


To get the complete solution for the steady voltage, we must 


- cS ha 
now operate on (34) by the factor “729 —* 


Now 
Sinh g (/ x gq? x , 
j A eae 
i 2 S 
gl 
x ' x 

. 7 I ] q I 
I } 4 ie eee re 

‘ 3 5 


» SE equation BEger 


7) 
on 


Again the g terms in this case involve only complete differentia- 
tion, which in operating on ¢” changes the p to y and therefore 


the g to s in equation (35) which gives 


Sinh g (/ x) .¥ Sinh s (/ s) .¥ 
gl l 


30) 


Combining (34) and (36) we get for the following expres- 


sion for the steady voltage on the line: 


ESinh s (l — x 


» | +. ‘ 
Replacing y by jw, we have 
ESinh s (1 x 


mo 


The above is the well-} 


as follows: 


Referring to equations (12), (30) and (32), we 


35) 


<nown solution for the steady state 
and is obvious from (10). The derivation of (38) is incidental, 
the main purpose of this paper being the study of the transient 
effects which occur during the establishment of the steady state 


find that 


remaining terms of the expansion . operated on ¢% are 


; 
; 
' 
; 
| 
i 
; 
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and the above expression is again to be operated on by £ Sah gi) 
to get the expression for ); the transient voltage on the line. 
The term Sinha\'—») multiplied by g?/?, the factor in the right-hand 
side of equation (39), may be expressed in a series as follows: 


al = gh( a r)+ e(:- i) + ae — 7) al eeees (40 


Operating by (40) on each one of the terms of (39) involves 


complete differentiation and will only change the p’s in the g 


expression to k,, k’;, Re, k's, kz, k's, ete. 
chit 


That is, operating by gl Sinh g(/—.) on e™ gives 
qi Sinh g(t — x)e** = ml Sinh m (i — x)e*™, (41) 
where 
m? = ha + 2k, (a + d) +4ab {. (42) 


Operating in the same way on all the other terms of equation 
(39), we get 


tae: Lal I my, ‘t Sinh m m,’ (} — x) eh't — m, 1 Sinh m, (t — x) 
ss ites 2) ky — Ry’ [ yY—k,’ ~~ i e™ a 
ra [Seen G-s), ms — mE Sion me C=) ow | 
ky — ke y — k,’ y—k r 
tact [mee gh — MTS Cm 2) cow | (43) 
ky —k; — k,’ y—Rs 


tt shale tnt ckvssis ast paounceeueatts ' re venedevite shad 


The values of k,, k’;, ko, k’o, Ry, R's, etc., are given by equa- 


tions (17) and (21) and may be put in the following form: 
aa- ete. | 


ki’ =—-a-—jb,, 
ky =-— a + jB;, | 
k,’ ==— @ — jPr, r 44 
kn = — a+j6", | 
k'n =a=-— @ — jp", | 


where a=a+b 


_ [E52 (o-s)' 45) 


Substituting for the value of k from (44) into (42), we get 


i 
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I ; . 
m,? = rm } a om B,? _ 2ajh; — 2a’? a 2ajh, + 4ab} 


io = } — at — 82+ 4ab | 


Substituting the values of « and B from (45), we get 


m= — * (46) 
Similarly we find 
nm, = =— p ’ 
oa | (47) 
m’; = m”; = - (¥): 


Ve also have 


ki — ky’ = 2781, 
ky — ke’ = 2782, 


ak my (48) 
kn — kn’ = 27Bn. ; 
Substituting the values from (47) and (48) in (43) and using 
the relation 
Sinh jx = j Sin x, 
equation (43) reduces to the following : 


2 —Ql( x —zhit ght 
V,e—E£°6 {zisin-«-7)| E ee 
’ Y¥+tat+jB yta-—jp, 


- 7 Sin ax(1 2 =— ei 
rs Y¥+a+jB Y¥+a—jps 


. 


fu! By! ) | 
e-r* " 
ao 
Y¥+ @+ jBn Y¥+a—jBn | 
The above may be further simplified. Replacing y by ja, 
we have 
: — Bit " 276i 
a+](w+ B,) a+j(w— 8B) 
_ (a@ + 3% — jB:) (Cos Bit — j Sin Bit) — (@ + jw + jB;:) (Cos Bit + 7 Sin B,f) 


(a? + B,? — w*) + 2jwa 


2 } (w— ai) Sin Bt — j84 Cost f 


a? — B,? — w + 2jwa 
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Using only the imaginary part, so that when multiplied by the 
imaginary factor j in equation (49) will give the real part of 
(49), we get 


o —JBit cJBit ee) _ jSin (Bit + ¢1) 


> a : yart : » (50 
atjo+jB, atjo— jes Pa *: 
where 
K, ‘aa (a? + By? — w?)? + 4arw? 
\ a’? + B? 
(51 


B; (a? + Bi? — w?) 

a (a? + Bi? + w*)’ 

and similar transformations for all the other terms in (49), 

using different A's; B,, 8, By, ete., for the other terms. 
Substituting from (51) in (49), we finally get for |”, the 

transient voltage on the line 


tau ¢; = 


Vy, =—E%e es *_ Sin “(1 * 7 )Sin (Sit + 0) 
2 i t 


P 3K) 
2 ss X\ea: , 
_ — Sin2r{1 — = )Sin (32t + ¢:) (52 
Ks l 
+— 4 Din 3rt I — Din (3f + ¢s) 
OKs l 
pat Ame. ef, ANG 
\ 
2 ge = nr x 
Vi=E — tines ih. Deen na(1 -: )sin (Sunt + on). (53 
i ras InKn l 
? I 


Combining the above with equation (38) we get the complet« 
expression for the voltage at any point on the line and at any 
time (ft) after the application of the e.m.f. The component given 
by (38) represents the steady state, and the component given by 

53) represents the transient state. ‘The complete expression is 


~ Sinh = jwt ee t - 
¥ a V+ Vi) = Ce elem Ss (- 1 
Sinh sl P - BnkKn 
n= I 
- x as 
Sin nx( — 7) Sin (Bn! + gn). (54 


Only the real part of the first term of the right-hand member of 
above equation to be used. 

The expression for the current distribution on the line is 
easily derived from (54) by the aid of either of equations (1 
Use the second equation: 

_dI_ av 


arate: 
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Using the expression for given by (54), we have 
dl . Sinhs (l— x) PX iad 


~ dx (Je + g) - Sinh sl 


"= Sinnr (1 — r) Sin (Bnt + €n) 


dl “s ESinh s (/ — x) j 7 a8F og x 
- = = (Cjw + g) + FE K Sin na(1 -- *) 


dx Sinh si ” 


- is =~ @) .. 
)‘ cos (Bui +n) + = Sin (Bnt +n) 
n 


24 (&— Ca 
oo 


= Sinhs (i—: ve "ee ne 
=(Cjw+gZ)E . c -E—€ — 1)*— 
: Sinh s P Ka 


(56) 


tan Vy, = 


Integrating the above with respect to x, we get the expression for 
the current on the line as follows: 


~s — : = ee yee 
_- Jers E Cosh s (1 x yw : 70". ha ” l Vo+ S=! 
n" 


I — 1) 


s Sinh si a K 
. x . 
Cos nt I a Cos (Bunt + xn — Wn). 


The above equations (54) and (57) are the general expres- 
sions for the voltage and current distribution on the line for an 
impressed electromotive force of any frequency, one component 
in the expressions giving the steady state voltage and current on 
the line, and the other the transient voltage and current, the latter 
subsiding exponentially. Consider now special cases. 


CONSTANT E.M.F. 
For a constant e.m.f. zero frequency, we have s* = Rg, which 
is an extremely small quantity, and we may therefore write: 


Sinh s (l—x) 


Sinh si (58) 


56 Louis COHEN. [J.F.1I 


Also by (51) putting w = 0, we have 


K, =K,;=K;=--+---Kr=zvV > + B | 
tan, = 2 
a } 


Substituting in (54) and (57), we get 


Vat =2( 1— +) + 


—.. 2b seme SO Be 


T=EN!-R~ Sinh sl i ie 


nO , {_ oa 
x(- 1)*/ V C? + ar se Cosnr ( r— 7 ) Cos (Bnt + ®n — Vn) 
n= ‘ 


n 


Kx 
when g is very small 


Cosh s (/ — x) I I 


~ st V Rel 


Sinh si 


and the above reduces to 

v2 

a oe 

R 8 
- 


In equations (54), (57), (60) and (61) the factor 


"eS 
= se th + ¢)! 


e e 
€ =€ 


~~ 2= @ ~ (g—ac)? u 
€ > — 1)" C+ "Cos ne( 1-7 )Cos (Bw! + Py — 
nt 


60 


(OI 


Vn). 


determines the time rate at which the transient components of the 


voltage and current die out. 


OCEAN CABLE. 


From equations (54) and (57) the expressions for the voltage 
and current distribution on an ocean telegraph cable may be 
readily derived. In an ocean cable the inductance and leakage 
are negligible, it is assumed that L=o and g=o0. In this case 


we have by (21), 


- 
g 
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Ng ty? 
a | Dain sos 
Rn = avr \ a E? 
x cee a >. 9 
, nirwy? 
Rn= —-a- Va- E° (63) 
R? I 
a‘ = - 


= v= .° 

4 L” L¢ 
- = ° a ° ° ° r? v’ " 
For negligible inductance a? is very large in comparison with “7 


and we may therefore put 


, nny?\ lo I n?xy? 
Rn = —a+al{iI-—- — me WO Ot be +e 
2 al 


1 ntwy? be n2r? 64) 
2 al? RCP 
Similarly 
“, I n*x*y?\ 4 , 
Rn =-—a a I > ae =2a = — oforL =o 65) 
and ek’nt =o 


, 


Also ky, ky . . . Rn, etc., are negligible in comparison with k’,, k's 
k'n, etc., respectively. 


Substituting the values from above equations in (43), we have 


. (2m”)2 
. , co 7 r . 
7 2E 1 — ml Sinh m, (1 S)e-pow + ml Sinh mz (l — x) 2 ~ Re nf 

o=_— = f S 
’ 2a l k y¥—k 

/ Sin} thal 

ml Sinh m; (1 — x — ee 
¥ e¢ RC es ae a ot (66) 


dy 


, e . T 
Replacing m,, m2, mz, etc., by the corresponding values its 
“™ ;%* etc., and y by jw, the above becomes 
I* ; 
_ x x a x (2m)? 
t S - - 
oE rSine (1 j ) RCE 2m Sin 2x (11 ) RCR' 
i= —- oR —¢ = ——e +- 
R¢ ?? . Gg ‘ (2r)? 
Jw + = jw + a 
: RCP Rc? 
c x (mx?) 
~ ~ tT — — 
2Er ~ alate, ai RCE 
712 hod ' ‘i 2 c 7 
R¢ l a e 1, a (67 ) 
: RCI 


For the steady state we have by (38) 


ESinhs (il — x) _ ; 
Sinh s/ 


"a 
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| 
i 
; 
} 


: 
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cn 


but in this case 
s? = RCje. 
The complete expression for the voltage on the cable for a 
sinusoidal e.m.f. of frequency — impressed on the cable is 


me (nx)% , 
VeWn4V F Sinh s (J — x) 5 4 2Ex" > Sin nin n(x —] i) - RcR 
i ae ™ + RG 2? ae ) a 
n= TI jot B 


CP 


(68) 

The expression for the current on the cable may be derived in 

similar manner from equation (57), but can be more directly 
obtained from (68). For L =o, we have the relation 


RI =— ae 
and 
i 3 fine a (mw) ™% 
1 Bt Cush ss) 9m _aet"se gMCoeme(1—3) =e 
Ro Sich” ROP ee thine OL) . 
on RCP 
For a constant e.m.f., w=o 
Sinh s (/ — ») eo x Cosh s (/ —s) 2% 
Sinh s/ = l Sinh si ma | 


and equations (68) and (69) reduce to 


‘ x (mw) * 
» n= w Sin na(1 _ en RCH 
V=E(1- ") + 2E > Call) Hi cece = 


~ — (70) 
n= I 
> 7 n= © _ (na) 
I= - 7 > (= 1)" Cosma( 1 — F)e RCP . (71) 


Equations (70) and (71) are the well-known solutions of the 
telegraphic equation which was first given by Lord Kelvin in 1855 
and has since been studied by other investigators. It is seen 
that by the use of the method developed in this paper, the solution 
of the telegraphic equation is but a special case of the general 
solution given by equations (54) and (57). Even for the cable 
telegraph problem we have by this method arrived at a more 
comprehensive solution, equations (68) and (69), which are 
applicable for alternating and direct voltages, reducing to (70) 
and (71) when the frequency is zero. 


THE CRYSTAL STRUCTURE OF BISMUTH.* 


BY 
L. W. McKEEHAN, Ph.D. 


Research Laboratories of the American Telephone and Telegraph Company, and the Western 
Electric Company, Incorporated. 


THE electrical and magnetic properties of metallic bismuth 
are in many respects so peculiar that an exact knowledge of its 
crystal structure seems important in any attempt to correlate these 
properties for metals in general. The work of previous investi- 
gators of the structure has accordingly been reviewed, and some 
additional data obtained as opportunity offered. 

The spectrometric method was used by Ogg,’ who obtained 
reflections of palladium X-rays from the (111) and (200) planes, 
and by James,? who obtained reflections of rhodium X-rays from 
the same planes and from the (111) planes in addition. The 
nomenclature of planes depends upon the choice of crystallo- 
graphic axes, and both of the investigators referred to employed 
rhombohedral axes mutually inclined at 87°—34’, as given by the 
standard handbooks of crystallography. With this choice of axes 
the units of structure are face-centred rhombohedra which differ 
but little from cubes. ‘wo such lattices must be present, and are so 
situated with respect to each other that the whole array of points 
is not much different from a simple cubic lattice. 

The face-centred rhombohedral space-lattice is not, however, 
recognized as a fundamental type. Simplicity in nomenclature is 
attained by using instead of the above-described axes a set of 
rhombohedral axes which are halves of the face-diagonals of the 
rhombohedron first chosen, and which are therefore mutually in- 
clined at 57°-16’. The corresponding space-lattice is simple 
rhombohedral, a fundamental type (I',,). It will be noticed that 
the longest body diagonal of a cell of either of these space-lattices 
has the same length. Quantities and symbols referred to the 
simpler axes will be indicated in what follows by the use of primes. 
Formule for transforming the indices of planes have been given 


* Communicated by Gen. John J. Carty, E.D., Associate Editor of this 


JOURNAL. 


7A. Ogg, Phil. Mag., (6), 42, 163-166, July, 1921. 
*R. W. James, Phil. Mag., (6), 42, 193-196, July, 1921. 
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by Wyckoff * who was forced to use a similar artifice in analyzing 
the structure of calcite. 

Table I summarizes the data referred to above, and the results 
computed from currently accepted X-ray wave-lengths.* The 
results are seen to be in as good agreement as the indicated 
accuracy in angular measurements would lead one to expect. 
The mean value 


a= 6.546 x 10-° cm. (a’ = 4.726 x 10~* cm.) 


corresponds to a density of 9.863 gm./cm.* which is not unreason- 


TABLE I. 
. Ogg! James? 
eo, Palladium Rhodium 
Effective Wave-length‘* =a eae iphone 
Planes 6 a a’ 0 a a’ 
(111) | gran), 4°-18’ | 6.520 | 4.708 4°-29' 6.531 4-715 
II) 100 4-45 6.519 4.707 
(200) (110)’ | 5°-08’ | 6.583 | 4.753 | 5°-25' | 6.516 4.704 
(222) | (222)’ 8°-54' | 6.600 4.765 
222) | 200)’ | 9°-27’ | 6.57¢ .748 
poe tae0y RA Saas peer 
(333) | (333) 13°-26" 6.592 | 4-759 
(600) } (330) 16°-20 6.497 4.690 
Mean values 6.55 4:73 | 6.544 4-725 


1A. Ogg, Phil. Mag., (6), 42, 163-166, July, 1921. 
2R. W. James, Phil. Mag., (6), 42, 193-196, July, roar. 
«W. Duane, Nat. Res. Counc. Bull., 1, 383-408, Nov., 1920. 


ably high, considering the improbability of perfect fit between the 
individual crystallites in massive samples.° 

James found that the points of one lattice lie on the trigonal 
axes through the points of the other, not quite at the centres of 
the rhombohedra. Recalculating from his data his result is 
confirmed, the ratio of intensities for the first three orders of 
reflection from the (111) planes agreeing with a displacement of 
either lattice from the body-centred position in the other by 
(0.306 +0.033)x 10% cm. In terms of the two sets of axes 


*R. W. G. Wyckoff, Amer. Jour. Sci., (4), 50, 317-360, Nov., 1920. 

*W. Duane, Nat. Res. Counc. Bull., 1, 383-408, Nov., 1920. 

*The density is calculated from a’ = 4.726 x 10° cm., a’ =57°—16', using 
the following constants: atomic weight of bismuth, 200.0; number of molecules 
per gram molecule, 6.0394 x 10%, the latter being taken from Birge, Phys. 
Rev., (2), 14, 365, (1919). 
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TABLE II. 


96 102 105 130 147 152 159 
3.62 
4-35 
4.36 
4-39 4.39 
4.42 
4-44 4.44 4.44 
4-45 
5.90 
6.06 
6.11 
6.12 
6.14 
6.32 
6.36 
6.35 
6.45 
7-13 
7-30 
7-34 
7-36 
7.40 
7-57 
7-71 
7.80 
8.83 
8.86 
8.88 
38.89 
8.QI 
9.30 
9.31 
9.40 
9.72 
9-75 
10.10 
10.14 10.14 


10.20 


6.39 


7°39 


4.39 


6.02 


6.37 
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TABLE II (Continued). 


Film No. 90 96 102 105 130 147 152 159 225 407 
s= 10.50 10.50 
10.52 
10.58 
10.93 
10.95 
10.97 
11.10 
11.12 
11.19 
11.52 
12.80 
12.86 12.86 
12.88 
12.91 
13.12 
14.00 
14.08 
14.20 
15.14 15.14 
15-34 
15.69 
17.03 
18.31 
20.10 
20.77 
21.90 


24.29 
the representative points, those absorbed by a single rhombo- 
hedron, are accordingly : 


(o, 0, 0), (%4, %, 0), (4, 0, %), (0, 4%, %), and 


(wu, u,u), (etYeutu), (ut, uuth), (4, ut’huth); 


or 


(o, 0, o)’, and (u, u, uu)’. In either case u = 0.474 + 0.003. 


New data were taken by the powder method, using X-rays of 
molybdenum, and only the larger crystals of the ground samples 
seemed to be sufficiently perfect to give good reflections, so that 
the photographs obtained consisted of widely separated spots, 
many possible reflections not being observed at all. The data 
are summarized in Table II. Under these conditions the most 
direct way of comparing the new data with the old was to calcu- 
late the position, s, and intensity, 1, of the reflections to be expected 
from a random distribution of crystals having the previously 
determined structure, and to compare the position and frequency 
of occurrence of spots on the new photographs with this expected 
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TABLE III, 


log (dx10$) 


0.59518 
0.57085 ay 9 
0.51421 ‘ 1000 
0.37275 
0.35501 
0.30613 
0.29415 
0.29294 
0.238663 
0.26982 
21319 
-19033 
.17869 
-I7194 
-16763 
-15775 
-14044 
-12220 
-11806 
-11645 
10691 
0.09891 
0.09373 
0.09375 
0.07172 
0.05519 
0.05397 
0.05345 
0.04679 
0.03709 
0.03709 
0.03672 
0.03476 
0.02935 
0.01960 
0.01522 
0.00896 
0.00511 
9.99483 
9.99312 
9-99I9I 
9.99001 
9.98560 
9.97398 
9.96879 
{9.96674 
(9.96674 16.06 
9.905538 160.11 
9.90111 16.28 
9.956099 16.45 
9.95555 16.50 
9.95293 16.61 
9.94921 16.76 
9.94701 16.85 
17.04 
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TABLE III (Continued). 


(hkl) (hkl)’ log (dx105) s é 


731 542 9-93934 17-17 45 

624 411 9.93491 17.30 64 

731 531 9-93315 17-44 2 

624 312 9.93246 17.46 70 

553 511 9.92832 17.605 20 

713 421 9-92477 17.80 II 
{713 {322 [9.92243 {17.90 ar 
(535 \401 \9-92243 (17-90 STK. 
644 554 9.916035 18.17 Il 

733 553 9.91614 18.18 50 

800 440 9.91215 18.36 40 

820 541 9.90320 18.77 29 

°733 520 9.89983 18.93 18 
555 555 9.59621 19.10 53 

J 882 552 (9.89563 J19.13 18 
\660 ,633 \9.89563 19.13 , 18 
| 802 451 }9.89485 )19.17 46 
O44 510 (9-89435 (19.17 \ 40 
733 322 9.89365 19.23 oO 

644 411 9.89080 19.36 57 

662 644 9.88931 19.43 10 

75! 643 g.88912 19-44 44 

822 530 9.88559 19.62 36 

751 632 9.88322 19-73 34 

822 332 9.87979 19.90 50 

606 303 9.87789 20.00 55 

662 622 9.87765 20.01 26 

~ 


555 500 9.87188 20.30 


distribution of reflections. Table III contains the results of such 
calculations for the particular apparatus employed, the reduction 
from the logarithm of the parameter of a set of planes to the 
length in centimetres of the are of deviation involving the wave- 
length of the X-rays, 0.712x 10° cm. (palladium Kz,) and 
the radius of the film-holder, 20.36 cm. The calculations are car- 
ried out for all plane-spacings and orders of reflection which could 
give reflected spots within about twenty centimetres of the unde- 
flected spot.® 

The results contained in Tables II and III are better exhibited 
for comparison in Fig. 1, where the abscissa is the are length, s, 
in centimetres. Vertical lines of a length proportional to the 
intensities given in Table III are drawn at the appropriate values 
of s, and the locations of spots listed in Table II are indicated by 
dots, those on any horizontal line belonging to a single photograph. 


* The intensity if proportional to cos’ er u (i t+k+1)’. Cf. R. W. 6. 
Wyckoff, loc. cit? 
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The complexity of the expected pattern makes an interpretation 
of the observed discrepancies somewhat difficult. It can be stated, 
however, that the structure of a single lattice is checked better 


FIG. I. 


a } ne 
| | 
| 
R ' 
s | 
6 | 
S$ | 
e | 
| | 1 | . 
or i 4 fhennelh | biti Al ie en | 
$r . * : *e ee . . a . . > > 
$¢ LJ > ee . ee ee - oo | 
a . ee . 
~ | . . - > . . . . . 
<4 3 " : 
74 : ° ° ee 
x4 . . ee . ee ee . 
ow . . ee *e *ee *e . 
; . *e ° . . *e 7 ' 
. . ics sentient neeaimeceaeaemeaaate a a 
0 “ 4 0 0 ras’ 
7 F 
FIG. 2 
a Ps “spl 
= i 
ee ee Triaonol axis 
* —* ~~ a > a — 
_— ~ ~~ 7 I “cm 
“x —_ ¥ sh OA 3099 
~ ad an 
™ B 3465 
“aah a UB J4C 
~ ae 0C 4529 
0D 4726 
OE 5598 
fr as 
i aia incerta ¢ . ‘ OF 62il 
| | . - 
| 
| | (ell 
a E Trigonal axis 
4 4 ot pe orig Ox 


by the location of the photographic spots, which tend to fall short 
rather than to fall beyond the expected positions,’ than is the 
relative position of the two lattices by the frequency of occurrence 


*L. W. McKeehan, Jour. Frank. INsT., 193, 231-242, Feb., 1922. 
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of reflection from certain planes. In particular, the appearance 
of spots attributable to the planes (221)’ and (311)’, a the 
absence of any attributable to (422)’, (330)’ and (411)’, suggests 
that the bismuth atoms are not as uniformly spaced a g the 
trigonal axis as the value 1 = 0.474 requires. The new data, how- 
ever, are not of such an accuracy that any estimate can be made 
of a suitable reduction in the value of w. 

The distances between adjacent atom-centres have been calcu- 
lated for «=0.474, and are given in Fig. 2 which shows the 
relative positions of the lattice-points on simple planes containing 
the trigonal axis and therefore common to both lattices. Con- 
sidering the three planes of each type, the twenty lattice points 
nearest to any point we may select, lie as follows: 


Of the other lattice: 3 at 3.099x 10~ cm. 
3 at 3.465 x 10° cm. 


I at 5.598x 10” cm. 


I at 6.211 x 10" cm. 


8 


Of the same lattice: 6 at 4.529x 10° cm. 
6 at 4.726x 10" cm. 


If we attempt to dispose of three valence electrons per atom in 
the most symmetrical and probable way, in the manner recently 
developed by Thomson,* we will find that they may best be put 
between the closest atom pairs, those separated by less than 
3.5 10% cm. No attempt has been made to calculate the sta- 
bility or other properties of such an arrangement. 


Early References Pertaining to Chemical Warfare have been 
collected by C. A. Browne (Jour. Ind. Eng. Chem., 1922, xiv, 646). 
During the Crimean War proposals were made to load incendiary 
shells with a solution of phosphorus in carbon disulphide and to load 
gas shells with cacodyl cyanide. During the Napoleonic Wars, an 
attempt was made to manufacture infernal machines or incendiary 
bombs containing phosphorus and potassium chlorate. Gunpowder 
was used by the Arabs and Byzantine Greeks for rockets and fire 
balls; the Germans applied it for loading fire-arms. Greek fire was 
probably a mixture of naphtha and quicklime with a certain amount 
of sulphur and pitch; when this mixture is wet with water, the hydra- 
tion of the quicklime evolves sufficient heat to ignite the naphtha and 
other ingredients. 3 & GS. 


*J. J. Thomson, Phil. Mas. (6), 43, 721-757, April, 192 


THE STABILITY OF ATOM NUCLEI, THE SEPARATION 
OF ISOTOPES, AND THE WHOLE NUMBER RULE.* 


BY 
WILLIAM D. HARKINS, Ph.D. 


Department of Chemistry, University of Chicago 
68. EXPERIMENTS ON THE SEPARATION OF MERCURY INTO ISOTOPES. 

THE first isotopic material obtained in appreciable quantities 
was secured by Harkins and Broeker, who separated chlorine, as 
announced in February, 1920. Eight months later Broensted 
and Hevesy announced a separation of a much smaller magnitude, 
50 parts per million in density, obtained by evaporating mercury 
at low pressures. Later they secured a density difference of 490 
parts per million, but obtained only very small fractions of 0.2 
and 0.3 cubic centimetre. The magnitude of the separation 
obtained in this laboratory is undoubtedly greater when the large 
size of the fractions is taken into account. The methods of 
separation used in this laboratory for mercury are as follows: 
Method 1. Diffusion through filter paper at low pressures (Doctor Mulliken). 
Method 2. (a) Evaporation at low pressures (Mulliken and Harkins, and 

Harkins and Madorsky). 
(6) Distillation at very low pressures (Mulliken and Harkins). 
Method 3. Methods 1 and 2a combined in one operation, but with the diffusion 
through filter paper as the principal process. Evaporative-diffusion 

(Doctor Mulliken.) 

These three methods will be described in the following sec- 
tions, but it may be stated that the combination method seems 
to give the most promise where an extensive separation is desired. 

6. SEPARATION OF THE ISOTOPES OF MERCURY BY EVAPORATION 

AT LOW PRESSURES. 

Only the purest mercury was used in this work, as is evident 
from the extensive study described later as made by Doctor 
Mulliken on the purification of mercury. Fig. 31 shows the 
design of an extremely efficient apparatus in which the molecules 
have to travel only about 5 mm. from the liquid surface before 
they condense on the roof (FR), which is cooled with liquid air, 
or with carbon dioxide snow in toluene. Fig. 32 gives a 
slightly less efficient apparatus in which the use of liquid air 


* Concluded from page 814, vol. 194, December, 1922. 
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is unnecessary, the chamber C being filled with ice and water. 
The molecules which condense on the lower part of the roof C 
gather in drops, and these roll down the roof and collect in 
the annular catch D, since the slope of this roof is made suffi- 
ciently steep so that drops of mercury will adhere to it. Thus the 


y 


FiG. 31. 


Efficient form of evaporator for the separation of mercury into isotopes. 


light fraction collects in E, while the heavy fraction remains in 
the chamber B. 

The apparatus was filled through A and emptied by cutting 
off E,°? containing the condensate, and then pouring the residue 
out through the opening. The ground-glass joint A was con 
nected to a mercury diffusion pump and oil pump, and to a 
McLeod gage. During the runs the apparatus was evacuated 
to a pressure of 10* to 10° mm. The efficiency was probably 
not much reduced until the pressure rose to about 10°* mm., when 
the presence of air caused a considerable slowing up of the opera- 


"If a mercury-sealed stopcock is put at the bottom of E, the fractions 
which collect in E can be run out into an evacuated vessel at any time. This 
has been done in the later work. 
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tion, and some of the mercury molecules were then deflected so 
that they condensed on the roof of D. A difference in density 
of 133 parts per million, and in atomic weight of 0.027 unit was 
obtained very quickly, but no attempt was made to obtain a larger 
separation in this apparatus, since the work of the laboratory 
was for a year focussed upon a general survey of the efficiency of 
various processes of separating isotopes. By the use of this 
FIG. 32. 


A 


WW 


ry 


m 


Cross-section of evaporator 
apparatus it was found that the separation coefficient for mercury 
is equal to 0.0057, but a later careful study by Doctor Mulliken 
showed that it is more nearly 0.0063, at least for diffusion 
through filter paper, as it is given in Table XLI. 
70. SEPARATION OF THE ISOTOPES OF MERCURY BY EVAPORATION AT LOW 
PRESSURES IN A LARGE STEEL APPARATUS. 

The apparatus described in the last section, since it is con- 
structed of glass, cannot be made so that it gives a very large mer- 
cury surface in a vacuum, so a somewhat similar steel apparatus, 
which may be built with almost any desired surface, has been 


’ 
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designed by Mr. S. L. Madorsky and the writer. Fig. 33 shows 

a vertical section of such an apparatus, the trough of which will 

hold 2600 grams of mercury, while Fig. 34 shows the design 

of a similar apparatus to hold 11,500 grams. The former appa- 

ratus gives an efficiency of about 81 per cent. in terms of Mulli- 

ken’s coefficient when operated at a rate of 25 c.c. per hour 
FiG. 33. 


76cms : 


Steel apparatus for the separation of mercury into isotopes by vaporization. A, cylinder for ice 

B, circular condensing roof, made of steel; CC, drain for the light fractions, made of steel; DD 

annular steel trough holding 190 c.c. of mercury; £, watch glass with hole in centre, supported 

on a short glass tube,¢; FF, heating element made of calorized wire and supported on glass 

tods; G, collecting tube made of glass; Ah, ground joint; 1%, mercury seal; &k, platinum 
wires; i, ground joint and sealing wax. 


The latter apparatus is in process of construction, so its efficiency 
has not been tested, but it should be about the same with a rate 
of evaporation of 50 c.c. per hour, at least at the beginning 
of the run. 

The roof, the base, and the trough of the apparatus were cut 
trom three steel forgings. Cast steel was not used since it is 
more liable to exhibit leaks and to give off large amounts of gas 
The mercury is vaporized from the steel trough D while the 
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pressure of air in the apparatus is kept between 0.0001 and 0.001 
mm. pressure. In the smaller apparatus the trough rests upon 
an iron plate in which is embedded a calorized nichrome resistance 
wire F, insulated by magnesium oxide surrounded by an iron 
sheath. In the larger apparatus the heating wire lies inside the 
mercury in the trough, but in contact with the bottom of the 
latter. The supports (f) on which the trough rests are made 
from glass or porcelain rods. The electric current is carried to the 
heating coil by two heavy platinum wires (7) sealed into the walls 
of the glass tube (G),* which serves to lead to the pump, and to 
lrain off the mercury as it condenses. The platinum wires are insu- 
lated by two glass or porcelain tubes (/). The glass tube (G) 
is connected with the steel tube (S) by a ground, mercury sealed 
joint, as shown in Fig. 34. The direct connection with the lower 
steel disc, as shown in Fig. 33, has been abandoned, though it 
gives good service, since the mercury-sealed joint is easier to 
detach. The large ground joint (h), between the roof and the 
base of the apparatus, is kept tight by a mercury seal (7), the 
mercury of which is kept in place by a thin steel band. The slope 
of the roof above DP is 45°, which is sufficiently steep to cause 
the drops of mercury to slide down the slope, rather than drop 
back into the trough. 

Operation of the Apparatus—The trough of the thoroughly 
clean apparatus is filled with purest mercury, the roof fitted to the 
base, the mercury run in around the joint, the vacuum pumps 
started, and the current turned on the heater. The large chamber 
4 is at once filled with sufficient ice to last four hours. The 
lower end of the long glass tube G, which has been sealed off 
helow the stopcock with a long point, begins to fill with mercury. 
This has an atomic weight 0.006 unit lower than ordinary mer- 
cury, that is the liquid which collects first in the tube has a density 
30 parts per million lower than ordinary mercury. 

The molecules which escape from the surface of the trough 
(D) travel a distance of only from 1 to 2.5 cm. before they 
strike the cold roof (FR), provided the trough is full and that they 
move vertically upward. While this distance is many times the 
mean free path of the molecules, the high efficiency obtained 
(81 per cent.) indicates that not over 19 per cent. of the mole- 


*The apparatus shown in Fig. 34 has now been modified so that these 
platinum wires pass through insulating plugs in the steel base. 
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cules return to the evaporating surface. The rapidly moving 
unidirectional stream of mercury molecules from the hot surface 
(100° to 15° C.) to the cold surface serves to almost entirely 
prevent sucha return. In the larger apparatus a few of the mole- 
cules must move 3 cm. upward from the full trough before they 


FiG. 34. 
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Large steel apparatus of 850 c.c. capacity for the separation of mercury into isotopes (Harkins 
e significance of the lettering is the same as given under Fig. 33. 


strike the roof. As the evaporation proceeds the distance in- 
creases, and this decreases slightly the efficiency toward the end 
of the run. 

Table XLII shows the results obtained in an average run 
with the smaller apparatus, starting with mercury of the ordinary 
atomic weight. As soon as it is completed the large apparatus 


sisi 
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will be used for all of the work in which ordinary mercury 
is fractionated. 
Taste XLII, 


Fractionation Scheme for 190 c.c., or 2600 gram Samples of Ordinary 
Atomic Weight. 


Change of Density in Part Change of Atomi 
Frac- Per Cut C or per Million. Weight 
tion. cent. C.C. Weight ( ( 0 percent. 81 percent. Actual. 190 percent. Actua 
20 35 520 25.4 —22.9 —22.5 —0.005 —0.0046 
20 35 520 gS -~I8.2 —1060.4 —0 00236 
15 25.5 390 2 -TI0O.2 - 9.2 —0O .0020 
I5 5.5 390 pe - 0.4 — 0.36 —0,00008 
10 19 200 5 10.9 + 9.5 +O .0022 
10 I9 200 10 20.2 +23.60 +O, 0052 
” 5 9.5 130 20 15.9 Cae +O .00902 
8 5 9.5 130 5.2 70.7 +78 +O .017 +0 .016 


The light fractions thus produced were refractionated as 
follows: 
Tas_eE XLIIL. 


Fractionation Scheme for the Light Fractions of Table XLII 


oe Cut C or Change of Density. Density Ator 
Fraction. Per cent. Weight. ( Ci 90 per cent. 81 percent. Actual. Actua Weight 
I 5 650 -24 —22.2 22.2 44.4 - 80 
2 25 650 —14.8 13.3 
3 25 650 8) oO 
' 25 650 ! +39.5 +39.5 


In each of the two above tables the column headed ‘* Change 
of Density, 90 per cent.,”” gives the theoretical values for the 
separation based upon the separation coefficient .0057, which 
is the highest separation so far obtained in any evaporation at low 
fressures. The reason for calling this a go per cent. value is 
that, as stated before, Mulliken has obtained a separation by 
diffusion through filter paper which is represented by the coeffi- 
cient 0.0063. Runs VI to VIII were simply repetitions of that 
listed in Table XLIII. Run IX gave 55 c.c. with 4=-65.2, 
where A is the increase in density in parts per million. 

Runs X to XII were made on the basis of a 50 per cent. cut. 
Here the increase and decrease of density should both be 17.7 
parts. In the tenth run the 55 c.c. from run IX was split in this 
way and the theory indicated that the density should be 


A=~—(65.2+17)=82.2. In the eleventh run this was divided in 
the same way again, with an estimated 4 =—(82.2 + 17.7)=99.9, 
and in the twelfth, 4=—(99.9+15.9)=115.8. The deter- 
mined value was A 112.4, which indicates that the effi- 


ciency was high. It should be said that the calculations of this 
paragraph were made on the basis of 0.0057 as the highest experi- 
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mental separation coefficient for a vaporization process. The 
seventh fraction of runs I to V (Table XLII) were combined. 
which gave 50 c.c. with an estimated 4 of +36. This was evapo- 
rated into three nearly equal fractions. The last fraction of 17 
¢.c. was combined with the eighth fractions of runs Il to V. This 
gave 65 c.c. with an estimated 4 of +64, which was evaporated 
down to 12 ¢.c. with an estimated 4=+106.5, and a determined 
value of 95.9. This indicates that the last evaporations were less 
efficient than the others. 

The total difference of density obtained in about twenty days 
of ‘operation of this apparatus was 266 parts per million, or an 
atomic weight difference of 0.053. The end fractions are quite 
large, however, and weigh 224 grams for the light, and 272 grams 
for the heavy fraction. The difference of atomic weight thus 
far secured is 0.070 unit and a few days of further operation will 
give a change equal to 0.110 unit. 

71. SEPARATION OF THE ISOTOPES OF MERCURY BY DISTILLATION AT 
LOW PRESSURES. 

The interesting fact that even in the ordinary purification of 
mercury by distillation at low pressures there is an easily measur 
able separation of the isotopes of mercury, commonly 4 to 7 parts 
per million increase of density of the residue, was first observed 
by Mulliken and Harkins.** A detailed study of such distilla 
tions by Mulliken showed that when the distillation flask has a 
neck of large diameter the efficiency of such a process may be 
made as great as 67 per cent. of that given by a completely irre- 
versible evaporation, provided the water condenser is put as close 
to the flask as is possible; and Laby and Mepham “ report a result 
which corresponds to an efficiency of 49 per cent. The most 
striking results of the investigation in this laboratory °° are: 

(1) Distillation at the rate of 15 c.c., or 204 grams per hour 
(3.5 gms./em.? hr.), from a 300-c.c. flask with a neck bent over 
and sealed to a water-jacketed condenser, gave an efficiency of 
50 per cent., even when the air pressure was as 0.1 or 0.2 mm. 
Since the highest efficiency obtained by the evaporation method is 
only 90 per cent., it is seen that the extremely simple distillation 
method is a very good one. The efficiencies obtained at different 


~ ® Mulliken and Harkins: J. Am. Chem. Soc., 44, 00-62 (Jan., 1922). 
“Laby and Mepham: Nai/ure, 109, 206 (1922). 
* Mulliken: J. 4mm. Chem. Soc. (Nov., 1922). 
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pressures are: 58 per cent. at 10” mm., 54 per cent. at 0.02 mm., 
46 per cent. at 0.8 mm., 20 per cent. at 10 mm., and 9 per cent. 
at 30 mm. 

(2) A film of material such as soot on the surface of the 
mercury increases the efficiency of the separation markedly at 
moderate or high, but not at low, rates of vaporization. The 
following examples illustrate the considerable magnitude of this 
effect, the evaporation rates being given in grams per cm.” per 
hour: (1) without film, efficiency 54 per cent. at 1.5 grams, 27 
per cent. at 8 grams, and 24 per cent. at 24 grams; (2) with 
film, 58 per cent. at 3 grams, 49 per cent. at 14 grams, and 37 
per cent. at 36 grams. 

72. SEPARATION OF THE ISOTOPES OF MERCURY BY THE HIGHLY EFFICIENT 
AND RAPID METHOD OF EVAPORATIVE-DIFFUSION. 

The combination method of evaporative-diffusion, as applied 
by Mulliken in this laboratory, is by far the most efficient of all 
of the processes as yet devised for the separation of isotopes. It 
also has the further great advantages that it requires only tap 
water for cooling, and that its efficiency is very high at air pres- 
sures as great as 0.2 mm., which means that the apparatus operates 
well with an oil vacuum pump of small size even when the pump 
is not in specially good order. The apparatus is by far the most 
rapid in its operation of any thus far tested; also more rapid 
than any yet devised, with the possible exception of a very large 
steel apparatus designed by the writer, but not constructed on 
account of its high cost. 

Whereas the highest efficiency obtained by Broensted and 
Hevesy, or Mulliken and Harkins, by the use of a single evapora- 
tion, is 90 per cent. in terms of Mulliken’s value of the separation 
coefficient, 0.0063, the evaporative-diffusion gives efficiencies as 
high as 120 per cent., and at very high speeds of operation the 
efficiency is 100 per cent., of which 25 per cent. is contributed by 
the evaporation, and the rest by the diffusion through filter paper. 
It can be easily seen that this indicates that the efficiency of the 
diffusion is more than 75 per cent., though this is not apparent 
without a careful consideration of the factors involved. A battery 
of six units has been constructed. Each unit consists of a 500-c.c. 
flask of pyrex glass, fitted with a long vertical tube of filter paper 
above it, the latter being surrounded by two concentric tubes of 
pyrex glass. Between these the water used for condensing is 
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passed. By the use of the six units mercury can be evaporated 
with good efficiency at the rate of a ton in twenty-four hours 
or less. 

With only about four days of operation the three units 
first constructed gave 20 c.c. of mercury whose atomic 
weight is 0.030 unit higher, and 150 c.c. 0.016 unit lower 
than ordinary mercury, a total difference of 0.046 unit. 
At present 136 cc. of -I121 p.p.m. and 47 cc. of +203 
p.p.m. have been secured, with an atomic weight difference 
of 0.061 unit. It is obvious that the size of the fractions 
as well as the atomic weight change should be considered in con- 
nection with the degree of separation. If operated at about the 
present rate of diffusion, 680 grams of mercury vapor per hour 
per unit at 100 per cent. efficiency, the six units of this apparatus 
will give a full set of fractions of 680 grams each at intervals of 
22 parts per million of density difference (0.0044 unit of atomic 
weight) with separations between the end fractions as follows: 
0.1 unit of atomic weight difference in 86 hours, 0.2 unit in 717 
hours, 0.3 unit in 2281 hours, etc. Thus in 228 days of 10 hours 
each, 47 kilos of mercury could be distributed evenly over a range 
of 0.3 unit of atomic weight, in the form of 69 fractions of 680 
grams of mercury each. It is evident that a considerably greater 
atomic weight difference could be obtained in the same time by 
decreasing the size of the fractions. 

73. DETERMINATION OF THE DENSITY OF MERCURY. 

The density of mercury is determined by the use of a special 
pycnometer,** by means of which it is probable that a precision 
of one part in 5 million can be attained. With very ordinary 
precautions the variation is about 1 part in 2 million. The 
pycnometer consists of a glass bulb sealed to a capillary of 0.2 
mm. internal diameter (Fig. 35D). This is fitted to a filling 
device (BC) by means of a tight ground-glass joint. The mer 
cury is first poured into the bulb B, the empty pycnometer fitted 
in place, and the apparatus evacuated through the side tube 4 
by means of a good oil vacuum pump. The device is then 
rotated around 4 until it is in such a position that the pycnometer 
becomes filled. The latter is then detached and put in a bath 
whose temperature is slightly above 25°, and by an amount which 
will cause the mercury meniscus to stand almost exactly on the 
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fine graduation on the stem, when the temperature is reduced 
exactly to 25.000°. The bulb C should contain more mercury 
than will fill the bulb of the pycnometer, in order to prevent any 
floating scum from entering the latter. 

The edges of the tip of the pycnometer should be well 
rounded off. What is more important is that the inside of the 


Fic. 35. 


bulb shall be very smooth, with no projections of any kind, and 
also very clean when it is first made. The capillary should have 
a uniform diameter, but if it is to be used in warm weather, a 
small bulb may be blown in it near the top, in order to prevent 
an overflow by expansion during the period of weighing. 
Corrections for the buoyancy of the air with varying humidity 
and barometric pressure may be avoided by the well-known 
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method of using an exactly similar pycnometer filled with mer- 
cury, but with a sealed capillary as a counterpoise. In routine 
work, however, it has been the custom to rest the single pycnome- 
ter in a cup of glass, whose weight has been so chosen that it 
exactly corrects for buoyancy changes. The former method has 
the advantage of giving a better correction for the weight of the 
film of moisture deposited on the outer surface of the glass 
The following figures give the results of five different fillings 
with two different samples as obtained in ordinary routine work 
carried out without very special precautions: 


Corrected weight of 
Filling. filled pycnometer. 


I 124.09393 

2 124.09398 
Sample 2. 1 124.09391 

2 

3 


Sample 1. 
124.09400 
124.09397 
Here the maximum deviation from the mean is 5 parts in 
10 million. 
74. EXPERIMENTAL WORK ON THE SEPARATION OF ISOTOPES BY 
LIQUID CENTRIFUGING. 

Joly and Poole *° were able to separate certain liquid alloys 
into fractions of different densities, but an attempt to apply this 
method to the separation of the isotopes of lead was unsuccessful. 
However, the expected separation was of the same order of 
magnitude as the errors in the density determinations, so the 
negative result is not surprising. The peripheral velocity in these 
experiments was 10% cm./sec. Poole ®’ later discussed the possi- 
bility of securing a separation with mercury, but concluded that 
the density change to be expected, 30 parts per million, would 
be too small to be measured. Actually 1/60 of this density dif- 
ference could be detected by the method developed in this labora- 
tory, so Mulliken experimented with mercury in a large centri- 
tuge, which, unfortunately, does not have a very high peripheral 
velocity. A speed of 2300 r.p.m. was attained, with the outer end 
of the steel tubes which contained the mercury 26.3, and the 
inner end 7.1 cm. from the axis. Each of the two tubes con- 
tained 13 c.c. The calculated separation between the extreme 


"Joly and Poole: Phil. Mag. (6), 39, 372 (1920). 
"Poole: Phil. Mag. (6), 41, 818 (1921). 
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ends is 8.8 parts per million, but, since the contents were divided 
into thirds, only two-thirds of this difference should be obtained, 
or 5.9 p.p.m. The results were conclusively negative to 0.5 part 
per million in each of two eight-hour runs. The tubes were as 
perfectly balanced as was possible, but in spite of this there was 
some vibration at the highest speeds of the centrifuge. It was 
not difficult to prove that this vibration is a sufficient cause of the 
failure of the separation, as is evidenced by the fact that when 
the mercury in the bottom half of the tube was made 12 parts per 
million heavier than that in the top half, a half-hour run was suffi- 
cient to mix the two halves thoroughly against the effect of the 
centrifugal force. That an eight-hour run should be sufficient 
to give a centrifugal separation if the vibration could be pre- 
vented, seemed to be indicated by the fact that when the two 
halves of the tube were filled with material differing in density 
by 12 p.p.m. as described above, and the tube was kept still on 
a concrete pier, the rate of diffusion was sufficiently great to 
very nearly eliminate the difference of density in eight hours 
of standing. 

Mr. Jenkins and the writer will repeat the attempt to obtain 
a centrifugal separation. The tubes will be first filled with tightly 
packed steel balls, or possibly sand, the top screwed on tightly, 
and the mercury run in through a hole in the top. It is hoped that 
the presence of the small balls may sufficiently annul the vibration 
of the liquid to enable the detection of a separation, though it 
is not improbable that success will not be attained until a centri- 
fuge with a higher speed and a lesser vibration can be obtained. 
It is probable that a special centrifuge must be constructed if 
any considerable separation is desired. If speeds of 10° cm 
per second could be obtained without sufficient vibration to affect 
the result, a separation of 0.48 of a unit of atomic weight could 
be attained in one operation. 

The values of the centrifugal separation coefficients (values 
for P in equation 28, section 68) have been calculated by 
Mulliken with the following results (times 10°'? at 20°): Li, 
1.16; B, 1.85; Ne, 7.38; Mg, 8.97; Cl, 14.5; Ni, 18.4; Zn, 53: 
br, 20.4, and Hg, 47. For ordinary air the coefficient would 
be about 62x 10°". It will be noted that the coefficients are 
very favorable to the heavy elements, and this should be particu- 
larly true of the elements of even atomic numbers between 30 and 
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So. <A peculiarity of these coefficients, as compared with dit- 
fusion coefficients, is that the former are independent of the state 
of combination of the element, and are thus characteristic of the 
element, while the latter are inversely proportional to the molecu- 
lar weight. 
75. THEORY OF THE SEPARATION OF ISOTOPES BY NON-EQUILIBRIUM 
EVAPORATION.” 

The surface of a liquid may act as a diffusion membrane in 
which the apertures are of molecular dimensions. Since this 
represents the simplest type of diffusion membrane the equations 
for the separation of isotopes by diffusion will be developed from 
a consideration of this special case. Meyer has shown in a very 
simple way *® that the number (.V) of molecules of a gas at rest 
which strike I square centimetre of the wall of the containing 
vessel, is given by the following equation: 

I 


N = — nv A 
4 


in which »# is the number of molecules in 1 cubic centimetre of the 
gas, and v is the average velocity of its molecules. 

According to the Maxwell distribution law the probability (\) 
of a velocity whose magnitude is .r is given by the equation 


y= tate * B 


V 
From this equation it may be seen that the relation between the 
average velocity and the mean velocity (c) is 


8 1, > 
v= e(2) C) 
37 


so equation (A) becomes 


, 8 \'s 
N=— nc ( -) ainmee ie (A’) 
3 Vor 


The kinetic energy of translation of one mol of gas molecules is 
given by the well-known equation : 


g-1ue- Sar .) 
SO 

- sah. 2) 

=\ 


“This and the following sections on the theory of the separation of 
isotopes have been taken largely from a paper by Mulliken and Harkins, J. Am. 
Chem. Soc., 44, 37-605 (1922). 

” Meyer: “ Kinetic Theory of Gases” (1899), pages 80 to 83. 
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A combination of equations (A) and (E) gives 


RT \% y 


Now 2M =p, where p is the density of the gas, and is given by 
the equation 

M MP : 

9 = lV = RT (Gy) 


in which V/ is the molecular weight and IV’ is the molecular volume. 
So 
P 


= RT (H) 


n 


A combination of (F) and (H) gives our fundamental equation 


V= E (I) 

V 2xMRT 
Equation (1) gives the number of molecules of a dilute vapor 
which strike one square centimetre of the surface of a pure 
liquid in equilibrium with it, and so necessarily the number which 
evaporate from unit area in unit time. For an ideal solution, such 


as a mixture of isotopes, the relation Na = = should hold 
V 27MRT 


for each isotopic component (a), if the vapor pressure has the 
same value (p) for each such component when pure. That this 
is at least very closely true is shown by Aston’s failure to obtain 
any separation of the isotopes of neon by 3000 fractionations, 
and by other evidence.’’’ In an ordinary distillation, the rate 
of distillation is negligibly small compared with N, and there is 
practical equilibrium between liquid and vapor. Although lighter 
molecules evaporate faster from the liquid, they also return faster 
from the vapor, so that the two phases have practically the same 
isotopic composition. If, however, the pressure is made very low, 
and the condensing surface placed so close to the evaporating 
surface that practically all the evaporating molecules are con- 
densed, it is clear that the condensate must be enriched in the 
lighter isotopes. This method of evaporation is really equivalent 
to molecular effusion. 


* In view of the thermodynamic relation between vapor pressure and 
solubility, the failure of Richards and Hall [J. Am. Chem. Soc., 39, 531 (1917) ], 
to secure any change of atomic weight by 1000 recrystallizations of lead nitrate 
from radioactive material, is additional evidence for the very close equality of 
the vapor pressures of isotopes. 
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io 2) 
LS) 


The molecules leaving a liquid surface move forward with 
various velocities and in various directions. The farther a mole 
cule has to travel before reaching a cold surface, the greater 1s 
its chance of collision with another molecule; and the greater 
the number of collisions it suffers, the more likely it is to acquire 
a backward component of velocity. If there are many collisions 
per molecule, the condition of a saturated vapor is approached, 
and the efficiency of the separation is reduced. The presence o! 
air-molecules, which, being non-condensable, and moving in al! 
directions, will increase the number of unfavorable collisions 
For maximum efficiency, (1) the apparatus must be thoroughly 
evacuated, (2) the rate of evaporation must be sufficiently low, 
and (3) the condensing surface must be as close as possible to 
the evaporating surface. At least in the case of mercury (which 
has very heavy atoms), as shown by the present experimental 
work, the atoms can move through a distance equal to several 
times the mean free path for the saturated vapor, and can suffer a 
number of collisions, without much loss of efficiency. 

In order that the theoretical efficiency shall be attained, the 
evaporating liquid must be kept at a uniform composition through- 
out, by diffusion, convection, or by artificial mixing. Otherwise 
the accumulation of heavy molecules in the surface will cause a 
corresponding increase in their proportion in the condensate 
Approximate calculations indicate, however, that liquid diffusion 
alone is capable of preventing more than a slight loss of efficiency, 
even for fairly considerable rates of evaporation. This is in 
harmony with the experimental results. Because of the impossi 
bility of rapid mixing, the separation of isotopes by evaporation 
from a solid surface is evidently impracticable. The range of 
application of the method may, however, be extended by the 
use of solvents. 

Comparison of Methods.—The choice of elements suitable for 
separation by evaporation is limited to those forming suitable 
compounds or solutions or themselves existing as liquids having 
a small vapor pressure at a convenient temperature. To be suit 
able for a diffusion method, a substance must exist as a gas or 


have a considerable vapor pressure preferably at room tempera 
ture. The diffusion method probably has wider applicability 
than the evaporation method. 
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76. DEVELOPMENT OF EQUATIONS SHOWING RATE OF CHANGE OF 
COMPOSITION AND ATOMIC WEIGHT IN DIFFUSION PROCESSES. 


Notation. 
(Letters preceded by a (*) in the following list are always used with 
ne of the subscripts 1, 2,--a—b—s—n, each of which is used to refer to a 
particular molecular species; a and b refer to any molecular species, s and n 
to the last of a set or series. Letters preceded by a (+) may be used with 
the subscript o to denote initial values of the quantities to which they refer, 
for example, No, (Ni)o (+,) 


(*)N = rate of flow in mols per sec. 

(+)N <=total number of mols of material in residue at any time dur- 
ing a diffusion 

(*+)N =number of mols of an individual component in the residue 

(*+).x mol-fraction 

(*)x increase in mol-iraction of a component over its initial value, 


in the residue; (*)A¢x, in the total condensate; (*)Ai¢x, 
in the instantaneous condensate 
M ordinary (average) molecular weight 
(*)M molecular weight of a particular isotope 
AM, Aci, A‘eM, increase in molecular weight of residue, 
total condensate, and instantaneous condensate, respec- 


tively 
rs ©./M,/M,, Where c is between 2 and 1; for example 
ki; Hcy M M; 
x ey M./M I 
R = gas constant 
\¥ = absolute te mperature 
(*)p = saturated vapor pressure (or, gaseous pressure in general) 
’ = radius of capillary tube; / = length of same 
(*)X = mean free path of gas molecules 
(*)c = mean velocity of gas molecules 
(*)n number of mols, or molecules, per c.c. 
én , 
(*); concentration gradient 
(*)d.s, des, etc. = distance between centres of molecules 1 and s, or 2 and s, 
respectively, at impact; for example dw, dx. Note that 
dy, or dw become d; and d2 
A, A’, B, B’ = (see Equations 5, 5’, 7 and 7’) 
C=N/N = 
8 ie i fied tet. ug = (see Equations 6A, 6A’, 7A, 7A’) 
. . , i + + » Bt 4 - B! 
S 5( 4,8) xk", ee es 
n, number of atoms of an isotopic element in a compound, e.g., 


for CCh.n, 4 


Change in Composition of Residue for the Case of Two 


lsotopes—For a mixture of two isotopes having molecular 
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weights 1, and M,, and mol-fractions +, and -r,, the relative 
rate of molecular diffusion, molecular effusion, or evaporation, 
is given by 

—dN2/—dN,; = (x VM.) ( Vv M,/x:) = (xX2/X,) VM,/M: = ky! (x2/x). I 
N, and N, denote the respective numbers of mols of the two 
isotopes in the residue at any time. N will be used to denote 
N,+Nz, and No to denote the number of mols initially present 
For gaseous diffusion, the relation is the same, except that & ! 
means ‘4/M,/M., where c is some number between 1 and 2. Re 


arranging Equation I and noting that V, = N.x, and N,=N.. 
dN,/x = RAN,/m or SOR ERAN _ g (Manta). 
X2 - x; 
Then, (1-k) dN/N = o(=")- os, 2 
x1 X2 


Integrating, 
(1—k) In N/N, = &ln (x1/(m1),) — In(x2/(x2),). 

Or, denoting N,/N, the “ cut,” by C, 

(1—k) log C = k (log(m), — logx:) — log (x2), + log xe. (3 
This equation can be used to calculate the cut necessary to obtain 
any desired change in the composition of the residue, the initial 
composition being known. The change in atomic weight of the 
residue for a given change in composition may be obtained from 
the relation, 4)/ =(M,—M,)Ax,..°' For the diffusate, the 
change, 4’M, is exactly -AM/(C—1) (see Equation 14, p. 90) 
In connection with his work on the separation of the rare gases, 
Rayleigh '** developed a less direct but simpler equation, which 
is rather more convenient for calculation than Equation 3. He 
uses the term enrichment ratio, symbolized by r, for — om 
Using the symbols of the present section, Rayleigh’s “relation 
can be reduced '"* to 

C = [x ‘(xi)o]- ” sdb \4 


- in general, for 3 a mixture of “(n) isotopes, if the atomic or molecula: 
volumes are equal, as the work of Richards and Wadsworth [/J. Am. Chem 
Soc., 38, 221 (1916)] shows to be true in the case of the atomic volume o! 
solid lead, AM = (M:- Mi) Ax: +(Ms-Mi) Aas + ...(M,-Mi) Ax, = 2(M, - 
M,)Ax,. This relation applies to mixtures of isotopic atoms or of isotopic 
molecules, i. ¢., molecules differing only in containing atoms which are isotopes 
of each other, ¢.g., HClss and HCls:; CH2(Clss)2, CH2ClssClx, and CHe(Clar) 
MgxO, Mg:;O, and MgexO. 

™ Rayleigh: Phil. Mag., [5] 42, 493 (1896). 

* See Sections 65 and 66. 
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This is readily obtained from (3). If 7 is near unity, Equation 
1/1 k 


t becomes, very nearly, C =r In making calculations of C 
in terms of AW or Ax, the easiest method is to calculate 1/(1 —k) 
(compare Table XLI) once for all for the compound under 
consideration, then to calculate the value of r corresponding to 
the assumed value of 4/ or 4x, and finally to apply Equation 4. 
A’M, the decrease of atomic weight for the diffusate, equals — — 

Simple Equations for Change of Composition of Residue for 
Small Cuts.—The use of the exact relations (3) and (4) involves 
much calculation. For small cuts, or approximate calculations 
with larger cuts, a very simple relation, which shows clearly the 
factors governing the rate of separation, can be derived from 
Equation 2. Noting that dr, =—dr,, Equation 2 becomes (1 — k) 


4 . — . , d(N/N.) 
dN/N =(-k/x,)dx,-dr,/x,. Noting that -dN/N= - “5 = 
d In C, this reduces to 
: I—k)xXXz, . : j 
dx, = —dx dinC=AdinC. (5) 
Vi: +kxe 


This quantity A is really the slope, at the point (2, In C), of the 
curve obtained by plotting +..(or—.+,) against /n C, starting with 
C=1 for *,=(4,), and +,=(4,),9. As the composition changes 
only very slowly with the cut, A is nearly a constant, so that 


I—-R) X\Xe . 
Xx ——* In C, nearly. 6) 
Xi + RX : 
By taking average values of x, and x, this equation will hold 
rather closely even for a large cut. For the change in atomic 
weight of the residue, 
1—k)xx.(M.—M;) , ., . 
\M = (M2— Mi) Ax sal . nC =BinC. 7) 


} ie k Xe 


Note that C is strictly a ratio of mols, or of volumes. Unless C 
is extremely large, however, it may without much error be con- 
sidered a ratio of masses. From Equations 6 and 7 it is seen 
that the increase in the mol-fraction of heavy isotope and in the 
atomic weight of the residue proceed arithmetically as the quantity 
of the latter diminishes exponentially. 

Relation of Rate of Separation to Composition of an Isotopic 
Wixture—The rate at which A and B change with the composi- 
tion or atomic weight of the residue during a diffusion or evapora- 
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tion can be obtained to a close approximation as follows. Since 
*,+ kx, is always nearly unity, we can write 


I—k 1—k 
A= (i . X1X_q = FxriXx2, and B = n+ke (M.— M,) xix os Gx\X2, 


F and G being regarded as essentially constant. Then 


A(x: — Xa) 
~- (8 
XX, 


aa( wo IBY Lp Uae) _ pp d(e2— x8) 
dx, dM — > dx, 
If values of A or B are plotted as ordinates against values ot 


j 


x, (or—.%*,) as abscissas, a portion of a parabola is obtained 


= F(t—2mx) = F(x1—%x) = 


corresponding to the equation 4 = Fx,7,=F (+, - xe) or B=G 
(x,—-+x;). This begins at the point (x, =0, A or B =0), rises toa 
maximum at (+, = 0.50, Ad =0.25F or B =0.25G), and falls again 
to (+,=1, A or B=0). Thus the most favorable mixture for 
the separation of two given isotopes is that for which x, =x, 
0.50. Between x+,=0.25 and +,=0.75 the value of B is still 
nearly as favorable, but if #, falls below 0.05 or 0.10, or rises 
above 0.90 or 0.95, the rate of separation is much reduced. It 
*, (or M) is plotted against In C for the residue, the slope ./ 
(or B) of this curve thus approaches zero, and the curve itsel/ 
approaches asymptotically the line x,=1 (or M=M,), as In C 
continues to increase; '°* the curve is terminated abruptly in the 
other direction at C = 1. 

The slope d4/dx, of the A parabola is given by Equation & 
Since B=(M,-M,) A, and 4M =(M,-—M,)Axz, it is evident 
that dB/dM is equal to dd/dx,. From Equation 8, then, dB/d/ 
is zero when x, = 0.50, has a maximum positive value when x, = 0, 
and a maximum negative value when +,=1. Thus B (and A) 
increase for the residue (and decrease for the diffusate), during 
a separation, if x, is less than x, ; and vice versa. 

Modifications of Simple Equations for Large Cuts.—The 
4 B/B 

dM 
AM is large. 


is useful as a measure of the error in B when 


quantity 


dB/B a F(x1— 2) - Xi— Xe i 
dM B %1X%_(M;,—M)) 


Call this last quantity 2H. For a moderately large change 4.\/ 
of atomic weight we have, approximately, 


** See Fig. 36, particularly the curve for lithium. 
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AM = E +, (Su) aM | inC -5[1+% (“4 r) aM | InC= 


B (1+H.AM) In C. (g) 28 


if #,=0.10, H =2.22; i eal , H= 0.67; if #,=0.50, 
H=o0; if +,=0.75, H =-0.67, etc. The correction term HAM 
is evidently not large unless 4M is considerable, or 2 is near 
zero or unity. For ordinary hydrogen chloride, +,=0.23, 
B =0.00950, and H =+0.76. Without using the correction term, 
we have, for AM =0.05, 4M =0.05=0.00950 In C. By putting 
in the correction term, 417 = 0.05 = 0.00950 (1.038) In C. The 
value of C calculated from the former expression (Equation 7) 
is 192.7; that from the latter (Equation g) is 158.9. The correct 
value of C, calculated by means of Equation 4, is 159.8. For 
4M=0.10, the respective values of C obtained by the three 
methods are 37,140; 17,630; and 18,530. The discrepancies 
between the results of Equation 4 and Equation 7 are not large, 
especially from the point of view of the change of atomic weight 
secured by a given cut, and are in fact much less than would 
normally result between theory and practice due to unavoidable 
inefficiency of operation. Equation 9 evidently gives a very close 
approximation of the results of the exact Equation 4, and is much 
simpler than the latter, once the values of B and H have been 
calculated for the compound under consideration. Values of B 
ire given in Table XLI. Equation 10, which likewise gives a very 
close approximation, is useful for calculating 4M if C is given. 
Useful Approximate Forms of Simple Equations; Relation of 
Rate of Separation to Molecular Weights of Isotopes ——The term 
1—k) in Equations 6 and 7 can be calculated very quickly and 
accurately by means of the approximate empirical relation (1 —k) 
4/c) (M,—M,)/(3M.+.\,). This is correct to within about 
0.1 per cent. for the lightest elements, and is still more exact for 
the heavier elements. For example, the exact value of 1—k, for 
c=2, and M,=6 and M/,=7, is 0.074180, while that calculated 
from the above relation is 0.074074, or 0.14 per cent. too low. 
For M, = 36, M, = 38, the exact value of 1— k is 0.026672, and 
the approximate value 0.026667 ; the latter is only 0.018 per cent. 
low. Using the relation just given, Equation 6 becomes 


For the case that 17, —M, , if +, =0.01, the value of H is 24.8; 


- Since AM =B In C, nearly, this can also be written, 
AM = B(1 + BH In C) In C. 
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Priguree: oo... ae 
“" (¢/4)(3M2+M,)(1—(1—) x2) 


in C=A InC (practically). 6B 


and Equation 7 becomes 


AM = ro sGNeninee a Dz Jn C=B In C (practically). 7B 
A and B can be calculated with sufficient accuracy in accordance 
with these equations, the term (1 —(1 —k).r,) being readily calcu 
lated by the help of the relation given. This term can be neglected 
entirely for neon and heavier elements, when an accuracy of I per 
cent. is sufficient, giving simplified forms of Equations 6B and 71; 
which may be called Equations 6BB and 7BB. These can be stil! 
further simplified to '’® the still less exact forms, 


€ i 


(-k)= 1 —- VM/Mi= 1 —- V1-(42-M)/Mi=1 - V1-c(M 
M:)/cM; = 1- V [1 — (Mz — M,)/cM:2)¢(nearly)= 1 - [1- (M:-M,) /cM,) 
(nearly) = (M.-—M,)/cM:, (nearly). The usual case is c= 2, but the relation 
holds for any value of c (it is of course exact for c= 1), provided M.-— JM 
is small compared with 2. The empirical relation (1-k) =(4/c) (M2-M,) 
(3M: + M,) holds very closely even when M,—M, approaches M2 in magnitud: 
This relation reduces to 2(M:-—M,)/(3M:+ M,) for ¢= 2. This can be used 
for calculating B of Equation 7. 

The quantity (1-) is closely related to the “ diffusion exponents” ( 
and (k') of Harkins and Hayes. (k) is equal to -1/(1-—k), and (%’) 
-1/(1-(1/k) )=+k/(1-k.) The “diffusion exponent” is the same (except 
for the sign) as the exponent of r in Equation 4 of this section. The rule oi 


Harkins and Hayes that (k) +(k!) = (M,+ M:)/(M:-M:), (k) and (k') 
2 


1. 


being respectively 0.50 unit greater, or less, than (Mi + M:)/(Mi- Ms), agrees 
with the above empirical relation for 1-k. [The relation (k) -(k') =1 
an exact and necessary one, for (k) = °y/}f,/(e\/ M,-eVM,), and (k’) 

c c € 

V/ M./( VMi- V M:) ]. The approximations (1-k) = (M:-™M:)/cM,[1], 


and the analogous (1-—1/k)=(M:-M:)/cM,; [2], are less exact then the 
approximations (1-k) = (4/c) (M.z-M,)/(3Mz+M,) [3], and (1-1/k) 


(4/c) (Mi-M:)/(3M.4.M2) [4]. For, using [1] and [2], while #)+ 
(-%) [(1/1-k) + 1/(1 -(1/k) J = ate , comes out as it should, the result 
iM, — iMf2 


(k) - (k') =2 is obviously wrong. Using Equations [3] and [4] for (1-4) 
and (1-(1/k)), (k) +(k’) = (Mi + M2)/(Mi- M2), and (k) - (k’)=1, as it 
should. The relation of Equation 3, and the corresponding relations, (/) 
= (3M: + M:)c/4(Mi-M:), and (k’) = (3M. + M:)c/4(Mi-M:), prove to 
be so nearly exact that they can be used for calculations by the exact 
Equation 4. 
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Axe = [(My—M))x1%2/cM2\in C = Din C (6A) 


and 
AM = [(M,— M,)*xix2 cM,| ln C=Eln ic (7A) 


This form of Equation 7 brings out the dependence of the “ sepa- 
ration coefficient”’ B on the total molecular weight and on the 
interval between the molecular weights of the two isotopes. For 
calculations of the separation coefficient, Equation 7B is practi- 
cally as exact as Equation 7; and Equation 7BB gives results 
which are very little in error, except for the lightest elements. 
The very simple approximation given by Equation 7A gives 
results at worst 3 per cent. low, for elements above neon, but in 
general Equation 7B or 7BB should be used. 

Change of Composition for Diffusate.'°'—While the residue 
is being enriched in the heavier isotopes, the diffusate or con- 
densate is being enriched in the lighter isotopes. For the “ instan- 
taneous ”’ diffusate or condensate coming from material of a given 
composition (.7,, 42.) we can write 
i dN; x1 /¢y¥ M; 

ANi+dNq ~ x1/eVMi+ x2/e¥ Mz 


From this can be obtained *°* the exact equations 


inten’ ee —R)xiX2 _ 
—— ET) 
and 
AicM mn wih x; _ M,) 2 (1—k) x x2 M,—M;) ae fs B (12) 


Xi +kx 
The composition of the instantaneous diffusate or condensate 
always keeps pace with that of the residue, x,"*, being just A units 
ahead of «,, and M* just B units behind M (see Fig. 30). The 
composition of the total diffusate 1s an average of a series of 


'* This is not given by the equations of Rayleigh. 


X/¢v M, xye¥v M; a x) 


M1i/*¥ M,+ x2/¢¥ Mz : xi¢ V¥ Mo+2x2¢ v M, r Xi hx, 


Then 
nie — x, = Aicx, = —!_ — %, ==! a = 
Xi +kxe Xi +kx2 
X,—x*,—kxi(t—x1) — (1—k) xix 
mth mt key 


Vor. 195, No. 1165—7 
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continuously changing instantaneous diffusates. It obviously 
approaches that of the original material as the quantity of residue 
approaches the vanishing point. For a mixture of two or any 
number of isotopes the mol-fraction ra of any component (a) in 
the total diffusate is necessarily 
rs (Na),.— Na em (xe),N,—xaN os (xa),C—Xa; 

N.—N N,—N C1 


xa 


and 


(xa) —Xe (xa), = (Xa)o—%Xa i — OX 13 


xa — (Xe), = Acxe = C-1 C-I C-1 


where A°, xa, etc., refer to the diffusate, xo, A, etc., to the residue. 
Correspondingly, 
=(Ma—™;) (— AXa) cd —AM : 


AcM = 3(Ma—M,) (Acxe) = ae 7 (14 


Equations 13 and 14 must hold independently of the nature or 
efficiency of the diffusion process, and depend only on the assump- 
tion that isotopes have equal atomic or molecular volume. By 
means of these relations, for a 100 per cent. efficient process, we 
have at once, 


In ¢ 
Acxa=—A 2 5 
—_ ic; , 
and 
AcM=-B nC j 16) 
C—I 


and corresponding approximate relations with D and E. By put- 
ting C =1 and noting that the limit of Jn C/(C —1) is unity, as 
C approaches unity, Equations 13 and 14 reduce to I1 and 12. 
For the result of m successive identical operations on the light 
fraction, equations analogous to 9 and 10 can be written, viz., 
AcM =—nB (1+HAcM) In C/(C—1), (17) 
and 
AcM =—nB{1—BH In C/(C—1)| In C/(C—1), (18) 


where C is the cut in each operation. 

Effect of Back Pressure on Efficiency.—-In molecular diffusion 
and molecular effusion, the fractional loss of efficiency due to back 
pressure is equal to the ratio of the back pressure to the initial 
pressure. This is shown by the following considerations. The 
actual increase, Ax, in the mol-fraction of any isotope in the 


Py 
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diffusate, may be considered as the net result of two processes, 
forward and backward diffusion, which can be treated as inde- 
pendent (see earlier discussion). Letting 4x denote the increase 
for a 100 per cent. efficient process, and N, and N, the quantities 
of material which diffuse forward and backward, respectively, 
we can write with a slight approximation, 
_ MiAx—Na(Axt Ax), 
Ni-—N2 


\x 


Simplifying, 


The efficiency of the process is Mr/Ax, and is thus equal to or ad | 
and the loss of efficiency is p./p,. Analogous considerations apply 
to non-equilibrium evaporation, if p, and p, now stand for rate 
of evaporation and rate of return of molecules, respectively. With 
gaseous diffusion the case is more complicated, but analogous 
effects are to be expected. 


77. GENERAL RELATIONS FOR ANY NUMBER OF ISOTOPES. 

For the general case of a mixture of m isotopes, exact and 
approximate slope equations analogous to (5), (6), and (7) can 
be obtained in the following way. N separate equations of the 


form of Equation 1 can be written, viz., 
dNa/xa = k'giN,/x (1) 
and correspondingly, # equations of the form of Equation 2, viz., 
1—k'g)\dN/N = k'qdx,/x1—dxa/Xa. (2’) 
The equation for which a = 1 is included for the sake of generality 
in the subsequent development. It is convenient to write all the 
equations in terms of the lightest component, (1), although any 


other component could have been chosen. From the a™ equation 
of the form of (2), one can get dra=k'a(ra/x,) dx, —240(1- 
k',)dN/N. Now it is evident that dr=o. Then 
Sdxqg = Lik'a(xa/xi1)dx, — (1—k'a)xadN/N] = O. 

Or 

(AN/N) E (xa—xak'a) = (dx,/x1)Exak'a. 
Or 

(AdN/N) (1—ZExak'a’) = (dx, /x1)Exak'a. 


‘ 1 " ‘ 1—S aN 
Denoting S-rak'a by S, this becomes —— .> 


_ - fu Jer co 
gS: =dr,/x,. By sub- 
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stituting the value dv,/x,=(1/k's) [(1-—k'a) dN/N + dre/xe], 
obtained from equation (2’), and simplifying, the general expres- 
sion for any isotope (a), 

xa(k'a— S) osm a(S— k'q) 


dxg = aes a . dN/N = —F .dinC =A’agdin c. 5’ 
is obtained. This is the general form of the slope Equation s, 
and can be treated like the latter. Thus 
S- 
Axe = = 5 ad a) In C, nearly. 6’) 
Since AM = S[(Ma-—M,) Axa], 
AM = 2I(Mo—Mi)xo(S—Re)). ln C = B' In C, nearly. *! 


Ss 


This summation has » terms. It can be shown ?°° that the follow 
ing relation also holds approximately 


. Xxaxo( Ma —Mp)?, 
on = cM 


where a and b take independently every value from 1 to n, like 
terms, however, being taken only once. This summation has 
n(n —1) . a . oom. ° 

mn different terms. The calculation of E’ is simpler than 


that of B’ if n is not too large, > and EB usually approximates B’ 


*InC =E’InC (7A’ 


™ Since 1 ots we can write “S-#, = are + xk’, + .. +2, hk’, 
(Att .. T Hy) fk, = Hi(1-¥_) T x(k - k.) + exe T Sylk-F,). In 
general k’,-k*, = (1—k',)-(1-k',) = (M,- Mi) /cM, -(M, -M, ) cM, nearly 
(see note on earlier page), = (M:/c) (M,-M,)/M,M,. Applying this 
relation to the expression for S-k',, the latter becomes (M./c) (1/M,) 
= [+,(M@,-M,)/M,], where the subscript b, like a, stands for all numbers 
from 1 to n, to be chose, however, independently of the series of values for a. 
By application of this relation, Equation 5 can be written approximately, 

= (#,/c) =[r,(Ma- Mo) M,]. d In C (5A’), since S is very nearly unity 

The summation in Equation 7° can be simplified as follows: 2(\/, -™M;) 
#,(S-hy)=S8 DZ Mgry- = Myryk'-MiS2 x, + Mir 4x, k', = SEM,x,-=M, 


Xgk'g-SMi + MS = = (M,x,) (S-k',). Equation 7’ then becomes AM - 

a =(M,*,) (S-k',). Applying the relation already obtained for S— K’* 
AM = [M, In C)/cS]. = ((Mgx,g(1/M,))= [4,(M,-™M,)/M,)). 

This readily reduces to AM = (M,/c) — ©) SB (tty (Ma-M,)/MM)). 


This gives the closely approximate ius 


; fae ; 
\M = OM - XZ [xaxo(Ma— Mp)?| - aA’ 
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very closely (see table of separation coefficients). The equations 
for the condensate are very easily generalized. Equations 11 and 
12 become 

Aitxg= —A'g 
and 

Aic M= —B’. 
Equation 13 holds as it stands for any isotope a, and Equation 
14 for the case of » isotopes; Equations 15 and 16 become 

In C 


and 


(16’) 


Fig. 36 shows the increase of relative density for the residue 


or heavy fraction of various types of isotopic mixtures. The 
curves for neon, hydrogen chloride, chlorine, methyl chloride, 
chloroform, and carbon tetrachloride were calculated for the 
writer by Prof. A. C. Lunn, by the use of the approximate inte- 
grated equations developed by him. The other curves were 
obtained from the equations of the present paper. It will be 
noted that most of the curves are convex toward the X-axis, 
which indicates that the separation becomes more rapid as it 
proceeds. That this is not always true is demonstrated by the 
curve for lithium (that for boron is similar), which shows that 
the separation becomes rapidly less favorable. This is due to the 
fact that the product of the mol-fractions increases in a mixture 
of two isotopes as the composition approaches 50 per cent. of each 
component, and decreases as it recedes from this value, while the 
rate of separation varies directly as the product of the mol-frac- 
tions. In a mixture of two isotopes, if the ordinary atomic 
weight is less than the mean of the atomic weights of the isotopes, 
as is the case with neon, chlorine, potassium, and calcium, the 
separation of isotopes by means of the heavy fraction becomes 
more and more rapid until the atomic weight of the residue 
increases to the mean value, and then decreases until the curve 
finally becomes parallel to the X-axis. Thus the upper part of 
the curves for neon, hydrogen chloride, etc., have the form of the 
curve for lithium. However, the cut necessary to attain the 
region where such substances exhibit a curve concave to the 
X-axis, is so great as to be practically impossible to secure. 
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78. SYSTEMATIC FRACTIONATION. 

The total efficiency of a system of fractional separations of 
isotopes depends upon: First, the efficiency of the process used, 
and second, upon the fractionation plan or scheme. An ideal plan 
of operation is one in which there is no mixing of isotopic mate 
rials which have already been separated, but it is easy to see that 
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Increase in the relative density of various isotopic mixtures as the cut increases. The figu 
covers all of the region accessible to experiment at the present time, but it is of interest th at the 
upper part of all of the curves is similar to that for lithium, which approaches as a limit the line 
0.010. The limits approached by the other curves are much higher, but are all lines paralle 
the X-axis. 
this is never attained. The most nearly ideal scheme used thus far 
is that of Harkins and Madorsky for the separation of mercury as 
illustrated in Table XLII (Section 73), and that of Mulliken used 
in connection with his evaporative-diffusion. It will be seen that 
in one operation, as illustrated in Table XLII, the sample is 
divided into 8 fractions, three are lighter, and four heavier 
than ordinary mercury. The apparatus used for this work is 


such that any number of fractions may be collected in a single 
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operation, so the loss of efficiency by mixing may be made as 
small as is desired. If the fractions are made too small the 
number of samples of mercury may, however, become incon- 
veniently large. 

The most desirable fractionation scheme is not always the 
most efficient, since convenience in operation and speed are two 
very important factors. Thus Harkins and Broeker found it con- 
venient in diffusing hydrogen chloride to make repeated cuts of 
20 on the heavy fractions and cuts of 2 on the light fractions. 
Mulliken, in his application of the method of evaporative- 
diffusion (Section 75), in which the light fraction diffuses 
through the wall of a large tube of filter paper, finds that the 
best plan of operation for this apparatus is to allow 30 per cent. 
of the vapor passing up into the paper tube to diffuse through 
its walls. This corresponds to a cut of 1.428, the purpose of 
the small cut being to give a considerable decrease in the density 
of the diffusate, which amounts to 26.2 parts per million pro- 
vided the efficiency of the process is 100 per cent. The corre- 
sponding increase in the density of the residue is 11.22 parts. 
Table XLIV shows the decrease in density of the instantaneous 
and total diffusates and the increase in density of the residue 
in operations of this kind. In Mulliken’s process the mercury in 
the distillation flask becomes continuously heavier, and so would 
decrease in volume and weight. In order to prevent this de- 
crease as much as possible, other heavy fractions are added to 
the residue. Thus if a specific experiment is begun by the use 
of ordinary mercury, it will be seen, for example, that when 
30 per cent. of the residue has been diffused, the remaining 70 
per cent. has a density 11.2 parts per million higher than that of 
ordinary mercury, so the volume of the mercury in the residue 
is increased to its initial value at this point by the addition of 
mercury already prepared of this same density. If the next 
higher density in stock happens to be 22 parts per million high, 
then this material is added to the residue in the flask by means of 
an inlet tube. The operation is stopped only after no outside 
heavy fractions remain to be added, and the volume of mer- 
cury in the flask becomes so low that the apparatus cannot well 
be operated. It can be seen that this scheme of operation is 
exactly that used by Harkins and Madorsky, with the exception 
and added advantage that the volume of the residue can be easily 


96 


increased, which is not possible with the large steel apparatus 
However, a tube for the addition of mercury 
can easily be added to the steel apparatus, so that the general plan 
of operation of the two forms of apparatus can be made 


as used at present. 


the same. 
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Taste XLIV. 
Change of the Density of Mercury in a Diffusion Process of 100 Per Cent. 


[J. F. 


Efficiency (on the Basis of the Value 0.0063 for the Separation Coefficient.) 


Increase of Density 


Instantaneous. 
—31.4 
—30.5 
—30.1 
-20.4 
-28.8 


Fraction 
in Cut. in Parts per Million. 
Diffusate. Diffusate 
Residue. Total. 
0.00 0.00 —31.4 
0.02 1.0204 0.64 —31.2 
0.04 1.0417 1.28 ~30.9 
0.06 1.003 1.95 —30.0 
0.08 1.087 2.64 —30.3 
aT 0.10 "LAI 3.32 ~29.9 
0.12 1.136 4.02 29.5 
0.14 1.1603 4.75 -29.2 
0.16 1.190 5.49 -28.8 
0.18 1.220 6.25 -28.5 
shy 0.20 1.250 7.02 ~28.1 
— a," 1.282 7.82 -27.7 
0.2 1.316 8.65 —27.4 
0.26 1.351 9.42 —27.0 
0.28 1.380 10.34 -26.6 
0.30  #£«1.420 11.22 ~26.2 
0.32 1.471 12.13 -—25.8 
0.34 1.515 13.08 —25.4 
0.36 1.563 14.03 -25.0 
0.38 1.612 15.01 —24.5 
0.40 1.067 10.07 —24.1 
0.42 1.724 17.13 —23.6 
0.44 1.786 18.25 —23.2 
0.46 1.852 19.39 -22.8 
0.48 1.924 20.60 -22.2 
0.50 2.00 21.80 ~21.80 
0.75 4.00 43.5 
0.875 8.0 65.2 
0.9375 16.0 87.2 
100 145.1 
1,000 217.7 
10,000 290 
100,000 362 
1,000,000 435 
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79. SEPARATION OF ZINC AND CADMIUM INTO ISOTOPES. 


Work on the separation of zinc into isotopes is now under 
way in this laboratory, and it is probable that in the preliminary 
experiments of Harkins and Buckner a separation of 0.04 to 
0.05 unit of atomic weight. has been attained, when the method 
of operation and the theory of the process have been taken into 
account. The conditions necessary for efficient operation have 


FIG. 37. 


Apparatus for the separation of zinc and cadmium into isotopes 4, trough for zinc; B, ther- 
moelement; B’, B”, connections for thermoelement; CC, cooling coils; DD, glass or porce- 
lain supporting stand; EE, steel base; F, connection to mercury condensation vacuum 


pump; GG, glass bell jar; HH, heating coils; H’, H’’, leads to heating coils. 


been so well determined by the study of mercury that the only 
difficulties in the process are the mechanical ones. The zinc 
is heated electrically in a moderately good vacuum inside a glass 
apparatus, and condensed on a chilled surface only about 5 mm. 
from the surface of the metal when the trough is -full of. zinc. 
The capacity of the apparatus (see Fig. 37) is two kilos of zinc 
(or anything less) for a single run. In a single run with this 
apparatus an atomic weight difference of 0.067 unit should be 


98 Witiram D. HarkINs. [J.F.1 


given if on working with one kilo of zine a 250-gram light and 
a 62-gram heavy fraction are obtained. Atomic weight deter- 
minations will be delayed until it is believed that the separation 
is 0.3 unit or more of atomic weight. 

Similar experiments on the separation of cadmium into 
isotopes have been begun by Mr. A. A. Sunier and the writer 
The isotopic composition of cadmium is unknown, but from the 
facts that its atomic number is even, and that it lies in the 
middle of the region of many isotopes, it is extremely probable 
that the number of isotopes is as high as five or six or more, 
and that the separation will be a moderately rapid one. 


80. CLASSIFICATION OF METHODS USED FOR SEPARATING ISOTOPES. 


Mulliken and Harkins give the following outline of the princi 
pal methods which might be used for separating isotopes.''” 


I. Methods using phenomena involving thermal motion of molecules and 
dependent on molecular velocities and their distribution. Separation 
necessarily incomplete. 

1. Equilibrium practically complete '"—pressure and temperature constant 
throughout the system—inappreciable separation.” 

A. Distillation at ordinary pressure, solution or precipitation, liquid 
diffusion, chemical reactions in general. 

. Equilibrium under a pressure or temperature gradient—degree ot 
separation proportional to logarithm of ratio of pressures or tempera 
tures at ends of gradient, which ratio may theoretically be made indefi 
nitely great, but practically is limited. 

A. Equilibrium under a pressure gradient, due to gravity or rapid rota- 
tion,” or electron impact,” etc.—degree of separation proportional to 
the logarithm of the pressure ratio; or for centrifugal separation, t: 
the square of the peripheral velocity, also to the product of the mo! 
fractions and to the square of the interval between the atomic weights 
of the two isotopes, but independent of the molecular weight. 

B. Equilibrium under a temperature gradient (thermal diffusion’) 
degree of separation approximately proportional to the logarithm of the 
temperature ratio; also to the product of the mol-fractions, to th 
square of the difference of the molecular weights of the two isotopes 


1 


to 


“Compare Lindemann and Aston, Phil. Mag., [6] 37, 523 (1919), who 
discuss in particular, methods I, 1; I, 2, A; and II, 1. 

™ Compare Lindemann and Aston, Ref. 27; Lindemann, Phil. Mag.. [6] 
38, 173 (1919); Soddy, Ref. 21. 

™3 A photochemical method of separation has been tried by Merton and 
Hartley [Nature, 105, 104 (1920)] but was unsuccessful. 

™8 Skaupy: Z. Physik, 2, 213 (1920). 

™ Chapman: Phil. Mag., [6] 38, 182 (1910). 
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3. Non-equilibrium processes. Flow under a gradient of partial pressure 
or concentration. The maximum efficiency of separation in A, B, and 
C, is given for zero partial pressure at the lower end of the gradient. 
The degree of separation in A, B, and C, is definite and limited for 
the light fraction, but proportional to the logarithm of the cut for the 
heavy fraction; while for both fractions it is proportional to the 
product of the mol fractions (as in thermal diffusion). 

A. Molecular effusion and non-equilibrium evaporation.” 
B. Molecular diffusion 
C. Interdiffusion of gases. 
D. Initial effects 1m evaporation, diffusion, etc. 
II. Methods using phenomena in which molecules act as independent masses— 
separation almost complete 

1. Positive ray methods “’—yields very small, though products are, theo- 
retically, almost pure. 

2. Possibly, electrolysis of ionized liquid or gas (separation probably diffi- 
cult or impossible, because mobility of isotopic ions is probably practi- 
cally equal; slight differences of mobility will be masked by diffusion 
and convection).”* 


81. THE TRACKS OF ALPHA PARTICLES IN GASES. 

The photographs of the tracks of alpha particles secured by 
C. T. R. Wilson 7** by the use of his cloud track apparatus are 
of considerable interest in connection with the study of the 
structure of the atom. Some of the tracks indicate that an alpha 
particle is occasionally turned very sharply from its initial path, 
presumably by approaching very closely to the nucleus of an 
atom, as is evidenced by the sharp spurs which result. 
Shimizu ''* has devised a modification of this apparatus which 
gives two expansions per second of the chamber which contains 
the water vapor. Thus two complete sets of alpha ray tracks 
can be observed visually, or photographed, every second, so that 


7200 photographs can be secured in a single hour of operation. 


™ The method of irreversible condensation of a vapor or gas in a special 
case of the method of molecular effusion, and is thus somewhat similar to 
irreversible evaporation. J. J. Thomson's suggestion [Proc. Roy. Soc., 99A, 87 
(1921)] that the isotopes of chlorine might be separated by fractional absorp- 
tion of hydrogen chloride in an alkaline solution would make use of this 
method. This would hardly be practical, however, due to the rapidity of the 
absorption and the consequent impossibility of good mixing. If air were 
admixed with the hydrogen chloride, there might be some degree of separation 
as a result of gaseous diffusion. 

"* See also Lindemann, Proc. Roy. Soc., 99A, 87 (1921). 

™C. T. R. Wilson: Proc. Roy. Soc., A87, 1277-92 (1922). 

"8 Shimizu: Jbid., 99, 425-35 (1921). 
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With this apparatus Shimizu made the interesting observation 
that about one in three hundred of the alpha ray tracks is branched 
at the end, as in Fig. 38. 

Mr. R. W. Ryan and the writer have constructed two models 
of the Shimizu apparatus, one with an expansion chamber 8 cm 
in diameter, and a much larger apparatus in which the diameter 
is 13.3 cm. The smaller apparatus is shown in Fig. 39. With 
this many branched tracks have been found, but their relative 
number does not seem to be so great as that found by Shimizu 
Fig. 40a shows 9 or 10 quite straight tracks from a single source, 


Fic. 38. 


Photograph of a branched a-ray track viewed from two positions at right angles to each othe: 
as taken by Shimizu. Actual magnification 5.5. 


with one track at right angles that represents an alpha particle 
which was later in crossing the field of view than two of the othe: 
alpha particles. It will be seen that when this occurs the tracks of 
the particles which shoot through earliest reduce the supersatura 
tion of the water vapor to such an extent that the particles which 
pass later leave no visible tracks in their immediate vicinity. 
Fig. 40b represents one alpha particle which was turned 
through a sharp angle very close to the source, and another which 
gives a branched track at the end, though the branching may not 
show clearly in the reproduction. Fig. 39c is of considerable 
interest since it gives a branched track, one of the branches of 
which is about 2 centimetres long. Unfortunately this photograph 
was taken in only one plane, so it is impossible to determine the 
length of the other branch. That some alpha particles are turned 
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through as much as a right angle may be seen in Fig. 40d, while 


40e shows a branching which occurs near the source of the par- 
ticle. Figs. 40f to 401 are typical sets of tracks taken from the 
series of several thousand photographs thus far secured. A 
number of lenses have been tried, and the best results secured by 


FIG. 39. 


Apparatus for photographing the tracks of alpha particles. (Shimizu-Wilson apparatus as 
modified by Ryan.) 


the use of a Cooke F2 cinematograph lens in connection with a 
Universal Moving Picture Camera. 

The interest in the branched tracks lies in the idea that while 
one branch may be due to the alpha particle projected by the 
radioactive source (polonium in these specific experiments, though 
radium-C will be used later), the other branch is probably due 
either to the atom nucleus which is hit, or to an alpha particle 
which is disrupted from the nucleus. It is hardly probable that it 
can be due to a disrupted H-particle (proton) since the path of 
such a light particle should be much longer. If it can be proved 
that an alpha particle is disrupted from the nucleus in any of these 
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branchings of the path, the result would be of extreme importance 
since thus far there is not the slightest evidence that anything 
other than hydrogen has been produced in the artificial disruption 
of atoms, though it is well known that helium is produced in the 
natural disintegration of the radioactive elements. Both Shimizu 


Fic. 40. 


(g) (h) (1) 
Alpha ray tracks in air. The actual full length tracks are about six cm. long, so the repro- 
ducticns are trom one-third to one-half natural size. These photographs 


have not been retouched. 


and Rutherford have in mind the idea that these branched tracks 
may be an indication that the nucleus of the atom is disrupted.*’® 

A single run of 4000 photographs, as made in this laboratory, 
gave about 25 tracks which spread into two branches at the end 
In one of these a remarkable branching occurred (Fig. 41), since 


™° The work of Mr. Ryan and the writer has been greatly delayed by 
the lack of a good lens for this work, but the lens now in use is well adapted 
for this purpose. 
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one of the tracks is shot almost directly backward (actually turned 


through an angle of 130° instead of 180°) while the other 
is at an angle of about 20°. In the projection on the photograph 
the angle of incidence and of reflection are almost equal. Such 
tracks are of great importance in the study of the problem, but 
a large number of them must be secured before definite con- 
clusions as to their meaning are warranted. It seems probable, 


FIG. 41. FiG. 42. 


Alpha ray track with forward and backward Alpha ray track with right angle turn. 
branches (Ryan and Harkins). 


however, that the forward track is due to an oxygen or nitrogen 
nucleus and the backward track to the deflected alpha particle. 
The kinetic energy of the alpha particles given off by some of the 
radioactive substances is so extremely great that it seems difficult 
to conceive that even nuclei built of alpha particles alone will 
resist disruption in all cases. However, the number of disrup- 
tions may possibly be so small that no statistical evidence of 
their occurrence can be obtained by the use of the present form 
of apparatus, which, while it possesses the great advantage that it 
makes almost the whole of the track of the alpha particle visible, 
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has also the great disadvantage in comparison with Rutherford’s 
scintillation method, that the cloud track method cannot be used 
when the number of alpha particles is large. In the scintillation 
method, on the other hand, millions of alpha particles per second 
may be used, since the screen used is placed beyond the range ot 
all of the alpha particles used as projectiles. 

Mr. Ryan and the writer have observed a number of longer 
range tracks which occur when the alpha particles pass through 
paraffin. These seem to have a different appearance from the 
ordinary alpha ray tracks. On account of the lack of a suffi- 
ciently powerful radioactive source, it has been impossible to 
determine whether these are caused by H-particles or not. li 
they should prove to be such particles it would be possible to 
demonstrate photographically the disintegration of elements of 
the type of aluminium and nitrogen. The H-particles produce 
a smaller ionization than alpha particles. 

Interesting experiments by Kenoshita, [keuti, and Akiyama, ‘*" 
made with the original Wilson apparatus, give photographs in 
which two alpha ray tracks originate at a common point in the 
gas of the apparatus. Each point represents the position of an 
atom of actinium emanation which at the moment disintegrates 
into AcA, and 0.002 second later into AcB. 


82. THE BUILDING AND EVOLUTION OF ATOMS. 


Early in 1915 Harkins and Wilson published the first definite 
theory that the nuclei of light atoms are built up from alpha par- 
ticles and hydrogen nuclei (positive electrons). The present 
paper reviews their theory and presents the experimental evidence 
collected by the writer in its favor. This evidence is so com 
prehensive that it cannot well be summarized in this section, 
but it may be noted that the figures and tables of the present 
paper '*! give the most conclusive evidence, presented prior to the 
disintegration of certain light elements into hydrogen, that the 
principal group involved in the building of the light atoms is the 
alpha particle. It is the opinion of the writer that not only is this 
true, but that at the present time the experimental chemical data 


™ Tracks of a-particles emitted by actinium emanation and actinium A 
S. Kenoshita, H. Ikeuti and M. Akiyama, Proc. Phys. Math. Soc. Japan, 3, 
121-33 (1921) Sci. Abs., 25A, 52, (1922). 

™ Particularly in Figs. 12, 13, 14, 19 and 21, and in Tables XXVI, XXVII 
III, IV, XII, XXII, XXIII, and XXIV. 
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summarized here give much more conclusive evidence for the 
building of the light atoms from alpha particles than the disinte- 
gration experiments themselves. That this is the case will be 
realized by anyone who makes the considerable effort necessary 
to thoroughly digest the great mass of evidence presented. The 
fact that the light elements give exactly the same form of “ map” 
(Fig. 19) as the radioactive elements; the fact that Fig. 12 
exhibits periodicities of 2 and of 4 in both directions, these being 
the value of the charge and mass of the alpha particle; and the 
importance of the numbers 2 and 4 in the abundance relations 
of the elements and atomic species, give the strongest, though 
possibly not the most simple, evidence for this point of view. 
The theory is essentially one of the building and evolution of 
the atomic species.'** It differs from the theory of Nicholson 
which preceded it in that it can find no place thus far for the 
hypothetical elements coronium, nebulium, protofluorine, etc., but 
makes use of a known element, hydrogen, as its fundamental 
building stone, and of a second known element, helium, as the 
™ Aston (page 116, “ Isotopes”) classifies the writer’s theory as a “ dis- 
integration” as opposed to the more “attractive (evolution) theory,’ thus 
showing that he has not read even the titles of the first papers of the series. 
Thus he has missed the statement in the second paper (1915) “the evidence 
presented in these papers, which seems to show that the elements are atomic 
compounds of hydrogen and helium, appears to give some support to the theory 
of the evolution of the heavier atoms from those which are lighter.” The 
third paper of the series (published in 1916 and again in 1917) is entitled 
“The Evolution of the Elements and the Stability of Complex Atoms,” and 
another paper published at the same time was entitled “ The Building of 
\toms.” It is my own opinion that Aston underestimates the effects of the 
atomic disintegrations, but his classification of the writer’s viewpoint as a 


disintegration, as opposed an evolutionary theory, is altogether incorrect as 
+} 


1¢ above titles show. His statements as to the success of predictions of the 
existence of isotopes, as given on page 117, are equally incorrect and misleading. 
[t is unfortunate that Aston believes that the ideas of evolution and of dis- 
integration are altogether opposed and exclusive of each other, since the more 
rational viewpoint is that both are of prime importance. The writer has felt 
that the nuclei of light atoms have been mostly built up from alpha particles 
and hydrogen nuclei, but it is not a necessary conclusion that all light atoms 
are permanently stable just because they are built from a relatively small 
number of particles. In fact, Fig. 21 and other similar figures of the present 
paper indicate that the stability of the light atoms decreases very much more 
rapidly than that of the heavy atoms when they depart from the region of 
stability by a certain number of neutrons (pe). 
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most important secondary unit. It agrees in general with the 
astronomical theory of the evolution of the elements from lighter 
to heavier, in the stars, though it is much more specific and is 
based upon much more extensive evidence than the astronomical 
theory. The bearing of the astronomical evidence is much mor 
in doubt, since the changes in the spectra of the nebulz and the 
stars, in which hydrogen and helium are supposed to appear first, 
and then to change gradually into calcium, magnesium, oxygen, 
iron, etc., might possibly be due to the conditions of excitation 
of the spectra and the segregation of the elements in these bodies 
Also the evolution of the stars may not be in the supposed order 
The writer is not opposed to, but rather is in favor of, the astro 
nomical theory of evolution, but it is nevertheless of importance 
to point out that the evidence which it presents in this connection 
is as yet faulty. 

The importance of the writer’s whole number rule for the 
atomic weights of the elements other than hydrogen is now well 
recognized. When taken in connection with the theory of rela 
tivity it indicates, as was first pointed out in 1915 by Harkins and 
Wilson, that the only source of enormous amounts of heat (other 
than that of radioactive changes) such as would account for the 
excessive amount of heat given off by the sun and by the giant 
stars, is to be found in the union of hydrogen to form helium, 
which, for one pound of hydrogen, gives an amount of energy 
corresponding to that liberated in the combustion of 10,000 tons 
of coal.?** 


Department Store Laboratory.—E. B. Mittarp (Jour. Ind. 
Eng. Chem., 1922, xiv, 785-786) gives a resumé of the work done 
in the chemical laboratory of a department store. The routine work 
consists chiefly of determinations of the wool or silk in materials, and 
especially the detection of artificial silks, also tests of the fastness of 
dyed fabrics to perspiration, sunlight, washing, or water spots. The 
coal used in the power plant, and the milk used in the restaurant are 
analyzed at frequent intervals. The laboratory also makes examina- 
tions in connection with the adjustment of claims of unsatisfactory 
materials. New materials are analyzed as they appear on the market. 
The information obtained is placed at the disposal of both the pur- 
chase and the sales divisions of the organization. ; a 


% For the calculation of the amount of energy liberated see section 22 of 
the present paper. 
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THEORY, CONSTRUCTION, AND USE OF THE PHOTOMETRIC 
INTEGRATING SPHERE.’ 


By E. B. Rosa and A. H. Taylor. 


[ ABSTRACT. ] 


Durtinc the last fifteen years great progress has been made 
in the production and utilization of light. With this progress 
has come the necessity for greater precision in the measurement 
of light output, and the Ulbricht photometric integrating sphere 
has been extensively utilized for this purpose. It is the only 
available instrument by which the total light output of sources 
can be determined in one measurement. There is no complete 
treatment of the theory, construction, and use of the sphere 
available in English. This paper has been written to meet that 
need, and should be of interest to all who are concerned 
with photometry. 

The majority of the spheres in use to-day are built of shaped 
sheet metal segments fastened to structural steel. Such spheres 
can be made of fairly light but substantial construction, but they 
are expensive to build. In the smaller sizes a cheaper construction 
may be realized by the use of papier-maché globes such as are 
used in schools. 

In 1915 the authors designed and constructed an 88-inch 
reinforced concrete sphere at the Bureau of Standards. Steel 
l'-rails were shaped into circular arcs and fastened to metal rings 
at each end, thus forming ribs of a spherical framework. These 
ribs were fastened together with metal bars and expanded metal 
lath, and the whole was plastered with concrete in the proportion 
of one part Portland cement to two and one-half parts sand. 
(he interior was swept out to a true spherical shape by means 
of a special sweep hinged at the centre of a pipe placed on the 
vertical diameter of the sphere. Later both interior and exterior 
surfaces were finished with white cement, giving a wall about 
one to one and one-half inches thick. A concrete sphere such as 
this, especially in the larger sizes, can probably be constructed 
more economically than a metal sphere of the same size. 

. Communicated by the Director. : . 

* Scientific Papers, No. 447. 
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This sphere has been thoroughly tested and found to giv: 
accurate results for many types of light sources. The sources 
tested included vacuum lamps both bare and with several types 
of glass reflectors and globes and a metal reflector. In all cases 
the agreement of the results with those obtained by point-by-point 
integration was practically within the range of ordinary errors oi 
photometric measurements. Considerable care is necessary in th 
use of the sphere for measuring light sources which differ appre 
ciably in their absorption of light, and in order to obtain reliab|: 
results on such sources proper corrections must be determined 
and applied. 

The requirements for a satisfactory paint for photometric 
spheres are rather severe, and since no commercial paints fulfilling 
these requirements could be found, it was necessary to develo 
one. A good paint for this purpose is composed of alcohol, 
camphor, celluloid, and zinc oxide. It has a very high reflection 
factor, and does not discolor with age. The photometric equip 
ment consists of a bar photometer, Lummer-Brodhun contrast 
photometer head, sectored disks, recording drum, and magnet, etc 
The “ substitution ’’ method of photometry is used. 

The theory of the sphere has been investigated, and tests have 
been made to verify certain phases of it, with satisfactory results 
The best size and position of the opaque screen have been theoreti 
cally determined. It is found that as the lamp approaches th: 
sphere wall at a point screen from the observation window, th« 
brightness of the latter is reduced. This is due to the fact that 
as the lamp approaches the wall more of the direct light flux falls 
on the zone screened from the observation window, and hence it 
must be reflected from the sphere wall at least twice before it cai 
reach the window. 

One source of error in the use of such spheres is often over 
looked. If the lamp being tested is somewhat blackened, or has 
parts which absorbed a considerable portion of light, the amount 
of light which it absorbs in the sphere will increase as it approaches 
the sphere wall. The amount of light absorbed by the lamp is 
also greater when the reflection factor of the sphere walls is high 
These facts are of great importance if life-test lamps, appreciab|) 
blackened, are being photometered. It can be shown theoretical!) 
that a sphere to be used for life-test measurements of incandescen' 


lamps should be painted with a paint having a reflection facto: 
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of about 80 to 8&5 per cent. in order to minimize the errors 
of measurement. 

The theory of the sphere assumes that its surface is a perfect 
diffuser, that is, that the specific brightness of any area is inde- 
pendent of the angle of view. Measurements of the diffusion 
characteristics of the sphere paint and the milk-glass observation 
window have been made. These show that the error arising from 
the measurement of a narrow beam of light in terms of a per- 
fectly diffused light, or of light uniformly distributed in the 
sphere, is practically zero when the beam is directed at the sphere 
wall at a point about 80° on the circumference from the window. 

The original paper also contains a bibliography of the subject. 


PROPERTIES OF ELECTRICAL INSULATING MATERIALS OF 
THE LAMINATED, PHENOL-METHYLENE TYPE.’ 


By J. H. Dellinger and J. L. Preston. 


[ ABSTRACT. ] 

THE manufacture of phenolic synthetic resins as applied to 
the fabrication of electrical insulating material has only become 
commercially important within the last twenty years. Three 
men might be mentioned who have been instrumental in the de- 
velopment of these resins and the resulting insulating material in 
this country, namely, Messrs. Jonas W. Aylesworth, Leo H. 
Baekeland, and L. V. Redman. 

This type of insulating material was developed to meet a real 
commercial need. Experience had shown that insulating materials 
using shellac, bituminous and similar materials as a binder, and 
hard rubber, hard fibre, glass, porcelain, amber, celluloid, and other 
materials had certain mechanical or electrical defects. The phe- 
nolic insulating materials were developed to correct some of the 
major weaknesses inherent in the other types, but to the conserva- 
tive investigator the phenolic materials are not believed to be a 
panacea for all insulation troubles. These phenolic materials, as 
an example, are not substitutes for hard rubber though they are 
advantageously used to replace hard rubber in many places. Hard 
rubber softens, warps, and discolors when left in the sunlight 
or exposed to moderate heat. The phenolic materials apparently 
do not. The price of the better grades of hard rubber is already 
quite high and is increasing, while the price of phenolic insulating 
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materials should decrease as the knowledge of the art increases 
Properly made and properly protected hard rubber is superio: 
electrically to the phenolic materials. The average value of phas: 
difference, that is, the dielectric power loss, for the phenoli 
insulating materials, is four to eight times that for hard rubber 
The phenolic synthetic resins have a wide variety of uses in man) 
fields, including the manufacture of decorative beads, cigarett: 
holders, noiseless gears, sword scabbards, and conductor tubes i: 
vinegar factories. It is, however, in the manufacture of electrica 
insulating materials that they find one of their most import 
ant applications. 

' The materials manufactured using the phenolic syntheti 
resins may be broadly classified as laminated materials, or moulded 
materials. As indicated by the title, this paper is concerned ex 
clusively with materials of the laminated type. Unlike the lam: 
nated materials, the moulded materials can be formed int 
intricate shapes without machining. They therefore have a wide 
variety of applications. It is expected that a publication supple 
menting this paper will be published later, giving some data o1 
moulded materials. 

The materials referred to in this paper as of the laminated 
phenol-methylene type are those made by building up sheets o! 
paper, fibre, or fabric, which had been previously impregnate: 
or coated with phenolic (synthetic) varnish to some desired 
thickness and then subjecting the stack to comparatively great 
pressure in a heated hydraulic press. The varnishes used in th 
manufacture of these materials were Bakelite, Condensite, and 
Redmanol, manufactured respectively by the General Bakelit« 
Company, Condensite Company of America, and The Redmano 
Chemical Products Company. These varnishes are all somewhat 
similar in that they depend on chemical reaction and are al! 
synthetic. The chemical reaction of the varnish is retarded so 
that it can be shipped to the consumer or stored for some time 
(the length of time depending on the type of varnish). When 
the varnish is subjected to heat, the reaction is again started and 
tends toward completion at a rate depending on the temperature 
This heating is done after the filler (paper, etc.) has been impreg 
nated or coated with the varnish and the stack placed in the press 
The pressure (with heat) has a tendency to produce from the 
separate sheets, a dense homogeneous sheet of insulating material 
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This paper is meant to serve as a compilation in a form con- 
venient for reference on the electrical, mechanical, chemical and 
thermal properties of the laminated sheet insulating material of 
the phenol-methylene type manufactured in the United States; on 
the methods of testing the electrical, mechanical, chemical and 
thermal properties ; and on books, periodicals, and patents dealing 
with tests on or properties of insulating material. 

Radio-frequency phase difference or power loss, dielectric 
constant, and flashover voltage, direct current surface resistivity 
and volume resistivity, tensile strength, modulus of elasticity (ten- 
sile), proportional limit, modulus of rupture, modulus of elastic- 
ity (transverse), Brinell hardness, scleroscope hardness, impact 
strength, permanent distortion, density, moisture absorption, 
machining qualities, thermal expansivity, and the effects of heat, 
acid, and alkali have been considered in this paper, and data or 
statements are given relative to these properties. Other data are 
also given which have not been determined at this Bureau. These 
data include values on dielectric strength or puncture voltage, 
crushing strength parallel with and perpendicular to the lamina- 
tions as well as moisture and oil absorption when the time of 
immersion was longer than in the Bureau of Standards tests. 

Much space in this paper is devoted to the description of the 
methods of testing. ‘This seems quite necessary because some of 
the numerical data are in part a function of time, voltage, pres- 
sure, etc., as well as of the mechanical arrangement of the testing 
apparatus. Such a description of testing methods serves other 
purposes. Many of the methods were developed at the Bureau of 
Standards after much experimental work. The methods are de- 
scribed in detail so that they may be available to others who 
wish to do such testing, and with the hope that constructive criti- 
cism may be stimulated which will result in improved methods. 

A part or all of the above-named tests have been made on 
fifteen grades of laminated, phenolic insulating material as manu- 
tactured by the four manufacturers in the United States. The 
manufacturers of the several grades are given in the following 
alphabetical order : 

Diamond State Fibre Company.—Condensite Celoron: grade 
10, fibre base; grade 15, fibre base; grade 20, fabric base. 

The Continental Fibre Company.—Bakelite-Dilecto: grade 
XX, paper base; grade X, paper base; grade C.B., fabric base. 
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The Formica Insulation Company.—Formica : grade M, paper 
base; grade M-2, paper base; grade P, paper base; grade k, 
fabric base. 

Westinghouse Electric and Manufacturing Company.—Bake 
lite Micarta: grade 32-X, paper base; grade 21-X, paper base; 
grade 323, paper base; grade 213, paper base; grade 21-D, 
fabric base. 

These grades cover ali that were in general use at the time 
this research was started. Other grades have appeared since, 
but as a rule they are not fundamentally different from some one 
of .the grades reported in this paper. 

The data are arranged in such a manner that it will be directly 
usable by persons having different problems involving this type 
of insulating material. 

First, there is a detailed record of data for all thicknesses of 
all makes and grades of material considered in this paper. ‘This 
should assist the engineer in determining the effects of various 
electrical or mechanical stresses applied to the material or the 
effects of changes in the material on the electrical or mechanical! 
properties. As an example this paper should assist him in deter 
mining the probable effect on phase difference or power loss of the 
season of the year, baking or drying, frequency variation, thick 
ness, color or dye, and surface finish. He could also get an idea 
of the effect of the grain of the insulating material on tensile and 
transverse strength properties. Many other examples might be 
given of the use of the detailed data. 

Second, the data have been summarized. In this summary 
the data on the various materials, grades, and thicknesses have 
been kept separate. It is somewhat similar to the detailed record 
except that the results of many measurements on any one sample 
have been averaged and recorded. 

Third, here the detailed data have been averaged and recorded 
regardless of thickness. This gives the engineer a general idea 
of the individual characteristics of the various makes and grades 


It is a very condensed summary. 

Fourth, a summary-comparison table has been prepared and 
included in this paper. Average values for the various proper- 
ties of laminated phenolic insulating materials are given regardless 
of make, grade, or thickness. In this same table the properties 
of hard rubber, hard fibre, laminated phenolic, and moulded phe 
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nolic materials have been recorded in a manner to show how they 
compare. For one desiring only very general information, this 
table should be quite useful. 


RESULTS OF SOME COMPRESSION TESTS OF STRUCTURAL 
STEEL ANGLES. 


By A. H. Stang and L. H. Strickenberg. 


[ ABSTRACT. ] 


TuIs article presents the results of compression tests of 170 
structural angles, made at the Pittsburgh branch, Bureau of 
Standards. The object of the tests was to determine the ultimate 
compressive strength of angles fastened at the ends in such ways 
as would closely correspond to their connections in the construc- 
tion of transmission towers. There was also tested a series of 
angles with square ends. An end fixation factor was found 
to represent satisfactorily the effect of different types of 
end connections. 

The values of the maximum unit load in these tests vary over 
a considerable range for any given slenderness ratio and manner 
of fastening the angles in the testing machine. 

In most cases the specimen which sustained the greatest unit 
load for a given slenderness ratio and method of fastening suf- 
fered the least lateral deflection and the angle which bent most 
sustained the lowest unit load at failure, the deflection being 
measured at 4/9 of the theoretical maximum load. 

For large slenderness ratios the average values are well repre- 
sented by Euler’s formula for long columns, calculated for differ- 
ent values of the end fixation factor. 

The Karman curves, recalculated for a yield point of 37,000 
lbs./in.* and modulus of elasticity of 30,000,000 Ibs./in.? repre- 
sent the average results for small slenderness ratios for several 
methods of end fixation, except in the neighborhood of |/r=8o0 
to 85, where the effect of eccentricity was greatest. The values 
of the end fixation factor are given. 

For angles with ends folded the column formulas considered 
do not represent the results found in this series of tests. 

It is believed that the values of end fixation factor are of 
importance in the design of structures where the end conditions 
* Technologic Papers, No. 218. 
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approximate those used in these tests, no matter what formula the 
designer prefers to use. 

Eccentricity of loading produces a diminution of column 
strength. In these tests the greatest effect of eccentricity 
was observed in the neighborhood of a “free length” 
corresponding to //r=85, which agrees with the results of 
Karman’s investigations. 


TEST OF A HOLLOW TILE AND CONCRETE FLOOR SLAB 
REINFORCED IN TWO DIRECTIONS.‘ 


By W. A. Slater, Arthur Hagener, and G. P. Anthes. 


[ ABSTRACT. ] 


A LARGE slab, 48 by 115.5 ft. centre to centre of outer sup 
porting girders, was loaded. In the 48-ft. dimension the slab 
was divided into three spans of 16 ft. each. In the 115.5-ift. 
dimension it was divided into six spans, two end spans were 16 
ft. each, the two middle spans 19.25 ft. each, and the two spans at 
the other end were 22.5 ft. each. The slab was therefore divided 
into 18 panels, of which six panels were 16 ft. square, six panels 
were 16 by 19.25 ft., and six panels were 16 by 22.5 ft. Girders 
extended along all panel edges, and columns stood at all inter 
sections of girders. The slab was 6 in. thick over all and was 
made up of 6 by 12 by 12 in. clay tiles laid in rows parallel to the 
panel edges with ribs of concrete 4 in. wide and 6 in. deep be 
tween rows of tiles in both directions. Each concrete rib was 
reinforced with one %-in. round bar in the top for negative 
moment and with the same in the bottom for positive moment 
The bars for negative moment extended out into the panel one 
fourth of the span length in the direction of the bar and were 
there hooked for anchorage. 

The slab reinforcement had a yield point of about 54,000 and 
the girder reinforcement of about 46,000 Ib. per sq. in. 

According to current methods of design the working loads 
(sum of live and dead loads) for the three sizes of panel would be 
83, 67 and 48 lb. per sq. ft. for the square, intermediate-size, and 
long interior panels, respectively. The weight of the slab was 
approximately 50 lb. per sq. ft. 

For about two months the square panels stood under a uni 
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form load (sum of live and dead loads) of about 450 Ib. per sq. 
it., the intermediate-size panels under 330 lb. per sq. ft., and the 
long panels under 280 lb. per sq. ft. The load was then shifted 
and (with smaller loads on adjoining panels) the loads for the 
succeeding six months on certain panels were: square panels, 780; 
intermediate-size panels, 655, and long panels, 555 Ib. per sq. ft. 
Finally the load was concentrated still more and for about eleven 
months the loads on single panels of each size have been: square 
panels, 1463 ; intermediate-size panels, 1234, and long panels, 970 
lb. per sq. ft. 

During the loading strain gage readings of elongation and 
shortening were taken at about 1600 critical places in the concrete 
and in the reinforcement. The negative moments for the 16-ft. 
spans of the interior panels based upon these stresses (observed 
after maximum uniform loads of 450,330, and 280 Ib. per sq. ft. 
had been in place about two months) with an allowance for dead 
load stresses, were 0.0186 IV/ for the square panels, 0.0277 W1 
for the intermediate-size panels, and 0.0398 wi for the long 
panels. The negative moment in the direction of the long span 
was 0.0213 W// for the intermediate-size panels and 0.0179 W1 
for the long panels, where / is the short span. 

The coefficients for the exterior panels averaged about 20 per 
cent. greater than the coefficients for the interior panels. 

30th the deformations and the deflections increased when the 
load remained constant over a considerable time, but the fact that 
so great a load has been carried for so long a time without exces- 
sive deflection removes any misgiving as to the adequacy of the 
form of construction used. 

The deflections at the centres of the interior panels observed 
after the maximum uniform load had been in place about two 
months averaged 1/273, 1/563, and 1/1800 of the clear short 
span for the squares, intermediate, and long panels respectively. 
Upon removal of 80 per cent. of the load the recovery was 50 per 
cent. of the original deflection or more. 

At this stage of the test the largest crack was less than 0.01 
in. wide. The largest crack in the under side of the slab under a 
load of about ten times the design loads stated in a previous 
paragraph was about 1/40 in. wide. 

The points of zero stress in the negative reinforcement 
occurred at about one-fifth points of the spans. 
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Under the greatest loads applied the shearing stresses in 
the ribs of the slab were 405 lb. per sq. in. or more assuming 
the tile walls to have been effective in resisting shear. If the 
resistance of the tile walls is neglected the shearing stress must 
have been 500 Ib. per sq. in. or more. 

The estimated shearing stress in one of the girders is 440 lb 
per sq. in. The loads on which these shearing stresses are based 
had been on the slab for nearly a year. 


THE MAGNETIC SUSCEPTIBILITY AND IRON CONTENT 
OF CAST RED BRASS.’ 


By L. H. Marshall and R. L. Sanford. 
[ ABSTRACT. ] 


THE presence of iron in commercial brass is often objection 
able, particularly if it occurs as discrete, poorly alloyed particles 
In order to obviate any such harmful effects, a very low ferrous 
content is frequently specified. Therefore, a rapid, non-destruc 
tive method for quantitatively determining its presence would be 
of great value in practice. A magnetic method of inspectior 
would fulfill the requirements of such a test if a definite relation 
ship exists between some magnetic property and the iron 
content of the metal. From the meagre information available 
in the literature it was evident that this matter had received 
little attention. 

With these facts in mind a study was made of the magnetic 
properties of cast tin red brass contaminated with iron. A series 
of seven samples of an alloy of the type 82 copper, 15 zinc, 3 tin 
was prepared containing various small proportions of iron up to 
0.75 per cent. These specimens were magnetized in a suitable 
solenoid. A test coil of 1200 turns extended over two-thirds o! 
the specimen and readings of the magnetic induction were taken 
by means of a ballistic galvanometer. Greater precision was 
secured by balancing out the magnetizing force by means of a 
variable mutual inductance, so that the galvanometer deflection, 
in each case, was a measure of the increase in flux density due to 
the specimen (metallic induction). 

Magnetic properties were determined in the cast condition 
and after annealing 15 minutes at 625° C., 8 hours at 800° C., 
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and 16 hours at 800° C. for different values of magnetizing force 
up to 500 gilberts per cm. The microstructure of the metal 
was determined before and after’ these various heat treatments. 
The cored structure of the cast material largely disappeared after 


the first eight-hour anneal. The eutectoid present in the cast 
samples was likewise absorbed at this time. The second eight- 


hour anneal caused no further change in structure. Oxide inclu- 
sions were present in all of the samples. Up to 0.14 per cent. 
the iron went into solid solution in the matrix of the alloy, but 
larger amounts than this caused the appearance of pale, rounded 
areas of an iron rich constituent. A rough estimate of the iron 
content could be made from the number and size of these areas. 
lhe percentage of iron present had no noticeable effect on the 
grain size of the metal, nor did the grain size have any definite 
influence on the magnetic properties of the specimens. 

The data obtained revealed several interesting points. For 
instance, the magnetic properties are not a precise index of the 
iron content of the cast metal. Then the magnetic susceptibility 
is markedly affected by changes in physical condition produced 
by heat treatment. [Even after the material has been thoroughly 
annealed, there is still no simple relationship between the magnetic 
susceptibility and the iron content. The seeming irregularities in 
the magnetic behavior of these brass samples were probably due, 
in the case of the cast specimens, to the unhomogeneous structure 
of the metal; while those of the annealed bars were caused by 
the presence of the iron as two modifications, the dissolved and 
the segregated. The iron content was the source of the magnetic 
effects observed. 


RELATIVE USEFULNESS OF GASES OF DIFFERENT HEATING 
VALUE AND ADJUSTMENTS OF BURNERS FOR CHANGES 
IN HEATING VALUE AND SPECIFIC GRAVITY.’ 


By W. M. Berry, I. V. Brumbaugh, J. H. Eiseman, G. F. Moulton, 
and G. B. Shawn. 


[ ABSTRACT. | 


[N connection with an investigation conducted by the Public 
Service Commission of Maryland to determine the most economic 
heating value standard for manufactured gas in the city of Balti- 
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more, the Bureau of Standards conducted an extensive series oi 
laboratory tests to determine primarily: (1) The relative utiliza- 
tion efficiency of gases of different heating value; (2) the extent 
to which present appliances can be adapted to give good and 
efficient service with gases of different heating value and com 
position; and (3) what adjustment in appliances is necessary to 
give the consumers good and efficient service when different kinds 
of gases are mixed and there is a variation in the composition, 
heating value, and the specific gravity of the gas. 

After giving due consideration to a number of factors that 
have an influence on efficiency, it can be stated that the results 
of the laboratory tests of gases varying in heating value from 
300 to 600 Btu per cubic foot indicated that the usefulness for 
top burner cooking is dependent almost entirely upon the total 
heating value per cubic foot. Thus, to heat a given quantity 
of water to the same temperature in the same time required two 
cubic feet of 300 Btu gas to one cubic foot of 600 Btu gas. 
In other words, the quantity of gas required varied inversely with 
the heating value of the gas. 

Over the range of usual operating conditions the efficiency 
of heat absorption varies only slightly with a change in the rate 
of heat supply. With the star type of burner and an average 
size vessel, the efficiency varied from about 36 per cent. at 7000 
Btu per hour to 37.7 per cent. at 11,000 Btu per hour. 

Burners can be operated over a somewhat greater range ot 
adjustment with coal gas than with water gas. The tests 
show that with coal gas the yellow flame occurs at a higher 
Btu per cubic foot of mixture (lower air-gas ratio). On the 
other hand, with coal gas it is practicable to operate burners with 
a lower Btu per cubic foot of mixture (higher air-gas ratio) with 
out having the burners flash back. 

The results on the whole show that present domestic range 
burners can be adjusted to give satisfactory service over a wide 
range in heating value, the slight differences in behavior of the 
different gases not being of sufficient importance to have much 
weight in any consideration of their relative merits for use in 
domestic appliances. Some change in size of orifice and air 
shutter adjustment of burners is necessary to secure the best 
service when a material change is made in heating value, but 
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most existing burners can be readily adjusted to give good service 
with heating values as low as 450 Btu without alterations of 
the burners. 

The practice of mixing different gases has become quite 
common as a result of the development in coke-oven processes 
with the production of by-product gas, the building of combi- 
nation coal and water gas plants, and the necessity of supple- 
menting natural gas with different kinds of manufactured gas. 
Uniformity in heating value, specific gravity and pressure are 
essential for the very best service, yet it is practicable to adjust 
burners to give satisfactory service in cities where different gases 
are mixed and there is considerable variation in the heating value 
r specific gravity. 

Investigations of Crystalline Structure by Means of X-rays. 
F. KIRCHNER. (Ann. d. Physik, No. 17, 1922.)—-When a substance is 
btainable in large, perfectly formed crystals it is possible from the 
pplication of X-rays to determine with great exactitude the dimen- 
sions of the crystal structure. When, on the other hand, the substance 
s not so existent the Debye-Scherrer method for powdered crystals 
may be applied but the accuracy of the results is much less. There is 
nother method, that of Seeman and Bohlin, in which the rays are 
brought to a focus after reflection from the metal under investigation. 
Kirchner shows how to improve the technic of this method and how 
to derive more accurate dimensions by its use. He succeeded in get- 
ting data on the structure of copper from .002 milligram of the metal 
leposited on a sheet of aluminium. 

An alloy of iron and nickel containing 25 per cent. of the latter 
was long ago shown by Hopkinson to possess remarkable magnetic 
properties. It can be magnetized provided it has been strongly cooled, 
its permeability then being roughly equal to that of hard nickel. If 
the alloy be heated to 580° it ceases to be magnetic and remains in this 
state when it cools down to room temperature. Its permeability is 
now not much above that of air. The physical properties of the alloy 
differ in the two states. In the magnetic state its specific electrical 
resistance is 0.00052, while in the non-magnetic state it is .00072. 
Similar data for specific gravity are 7.98 and 8.15, and for tensile 
strength 135 and 80 kg. per sq. mm. 

Photographs of the lines formed by the rays after reflection from 
the alloy are not alike, the number of lines being greater for the mag- 
netic state. All of the lines for the non-magnetic state appear also for 
the magnetic state. The author interprets this to mean that upon the 
transition from the non-magnetic to the magnetic state there is a 
arge increase in the number of atomic configurations of a certain 
kind which were present to only a small extent in the former condition. 
in FF. &. 
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An Analogy between Electrical Waves and X-rays. \ 
Kapzov. (Ann. d. Physik, No. 18, 1922.)—About a third of a cen 
tury ago, when Hertz’s demonstration of the actual existence of thos 
electrical waves predicted by Maxwell, was still so recent that th 
wonder of it was still undulled by familiarity, it was no uncommon 
experience to meet in the periodical literature of physics some new 
proof that the new waves comported themselves in the same manne: 
as light waves. Their reflection, refraction and interference were thus 
established. Then came the discovery of the X-rays and the battl 
between the conflicting views as to their nature. It is now known tha 
they are light waves of extremely short length. For a long time it 
seemed impossible to reflect them from a surface. Now it is know: 
that the surface of a crystal does this, and does it because within 
are arranged layer after layer of atoms and electrons in regular orde: 
though in fact diffraction is the real cause. This paper shows that th 
same effects are obtained when electrical waves enormous in con 
parison with X-rays are allowed to fall upon an artificial crystal. Th 
elements are hollow copper cylinders, 12 mm. long and 3 mm. in 
diameter. Several of these are hung at equal intervals on a vertical 
thread. A sheet is formed by placing many such threads in the sam« 
plane and, finally, the crystal is made by placing several sheets paralle! 
to one another and at equal distances. The electrical waves ar¢ 
of wave-length 3.5 cm. The cylinders act as resonators for th: 
electrical waves. 

When a bundle of electrical waves falls on the artificial crystal a 
reflected wave results and the intensity of this is measured as thi 
crystal rotates, thus changing the angle of incidence. As the crystal! 
turns the intensity of the reflected wave passes through maxima anc 
minima, just as is the case with X-rays reflected from a natura 
crystal. More than this, when the positions of the crystal for maxi 
mum and minimum reflections are observed and the X-ray formula 
for the wave-length is applied, the result of the calculation is 3.2 cm 
This may seem not sufficiently close to the value already given, 3.5 cm 
When, however, the length of the waves was measured in the bean 
reflected from the crystal it was found to be 3.2 cm. Thus the tw: 
methods give concordant results. By some resonance effect th 
cylinders make the length of the reflected wave less than that of th: 
incident wave. 

The reflection was studied with one, then with two sheets and s: 


on. The addition of the second sheet to the first caused a notable 


increase in the strength of the reflected ray, the third sheet produced 
a smaller increase and the presence of more sheets scarcely had 
any effect. 

It is of interest that this very important work was done in th 
laboratory of the University of Moscow. G. F. S. 
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NOTES FROM THE U. S. BUREAU OF CHEMISTRY.* 


THE SO-CALLED HABITUATION TO “ ARSENIC”: VARIATION 
IN THE TOXICITY OF ARSENIOUS OXIDE.’ 


By Erich W. Schwartze. 


[ ABSTRACT. ] 


THE toxicity of undissolved arsenious oxide varies markedly 
according to the fineness of its subdivision. Slight differences 
in toxicity of dissolved arsenious oxide are observed in different 
species of animals. The proportional differences are not always 
found when undissolved arsenious oxide is used. The behavior 
of undissolved arsenious oxide in the alimentary canal appears 
to be superimposed upon the species reaction to the dissolved 
arsenious oxide. Chickens presumably convert a coarse prepara- 
tion into a fine one in their gizzards, so that the differences be- 
tween coarse and fine preparations are here less marked than those 
found in the mammals tested. These results correlate a mass of 
acute toxicological data which heretofore have led to controversy 
and apparently contradictory evidence. Large doses of certain 
preparations of undissolved arsenious oxide and sulphide were 
recovered practically intact by washing and sieving the feces. 

The literature upon the subject of habituation to “ arsenic ” 
has been reviewed in the light of the data secured by the Bureau 
of Chemistry. No unimpeachable evidence exists that either 
man or other higher animals can acquire a tolerance to this drug, 
owing chiefly to the erroneous assumption that all preparations 
of undissolved arsenious oxide possess equal potency, and 
approach in degree the potency of dissolved arsenious oxide. The 
consumption of large amounts of undissolved arsenious oxide can 
be as readily explained on the basis that a relatively insoluble 
and coarse preparation was used as by assuming that habituation 
had been produced. The toleration of large doses may therefore 
be due not to an attribute inherent in the consumer, but to an 
attribute inherent in the preparation used, namely, its relative 
insolubility due to the relatively small extent of exposed surface 
of the particles and the low specific rate of solution. 


* Communicated by the Chief of the Bureau. 
‘Published in J. Pharmacol., 20, Oct., 1922, 181. 
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QUANTITATIVE DETERMINATION OF ANTHRAQUINONE. 
By O. A. Nelson and C. E. Senseman. 


[ ABSTRACT. ] 


A METHOD has been developed by which anthraquinone may 
be determined quantitatively in mixtures containing also phena: 
thraquinone, anthracene, phenanthrene, phthalic anhydricd 
phthalic acid, or other oxidation products of anthracene or phenai 
threne. It consists essentially in reducing the anthraquinone t 
the red oxanthranol, using zinc powder and 5 per cent. solutio: 
of sodium hydroxide. The red solution is filtered in vacuum an 
titrated with standard potassium permanganate. 


THE PREPARATION OF PHENYLGLYCINE-O-CARBOXYLIC 
ACID. I. FROM ANTHRANILIC ACID AND MONO- 
CHLORACETIC ACID.’ 


By Herbert L. Haller. 


[ ABSTRACT. ] 


A stupy of the preparation of phenylglycine-o-carboxylic aci 
from anthranilic acid and monochloracetic acid has been under 
taken. Optimum conditions have been determined for (1) con 
centration in water of the reacting substances, (2) time allowed 
for reaction, (3) ratio of reacting materials, (4) condensin; 
agent, and (5) temperature of reaction mixture. 


Pure Ozone.—SesasTIAN KArRRER and OLIiver R. Wutr (Jow) 
Amer. Chem. Soc., 1922, xliv, 2391-2397) prepared pure ozone by 
the fractional distillation of oxygen, which had been ozonized, the: 
liquefied. The molecular weight of the pure ozone was determine 
by a vapor density method and found to be 47.3. The fact that th 
molecular weight is slightly lower than 48 is attributed to the presenc: 
of a small amount of oxygen. Je fs ¥4. 


Pure Picric Acid.—Strantey R. BeNnepict, of Cornell Universit 
Medical College (Jour. Biol. Chem., 1922, liv, 239-241), describe 
the preparation of picric acid of a high degree of purity by recrystal 
lization of the technical grade of commercial picric acid from hot 
benzene. Since the solution of picric acid in benzene is high! 
inflammable, electric heating apparatus is used. The product obtaine 
by this process is so pure that it may be used as a reagent in certai: 
colorimetric determinations, such as that of creatinine. i, a Ba. 


? Published in J. Ind. Eng. Chem., 14, Oct., 1922, 956. 
* Published in J. Ind. Eng. Chem., 14, Nov., 1922, 1040. 


NOTES FROM THE U. S. BUREAU OF MINES.* 


THE PRODUCTION OF CARBON-BLACK FROM NATURAL GAS 
BY THE HIGH VOLTAGE ARC, 


By J. J. Jakowsky. 


THE legislation in many States against the present method of 
producing carbon-black by the incomplete combustion of natural 
gas, and the continually increasing demand for gas for other pur- 
poses, indicate that the supply of carbon-black may gradually be 
decreased and that new methods for its production, utilizing a 
greater percentage of the carbon in the gas should be developed. 
In the course of investigations of the effects on hydrocarbons of 
high voltage discharges, it was noted that under certain conditions 
natural gas could be decomposed and that carbon-black could 
be produced. 

The effects of several types of electrical discharges on natural 
gas have, accordingly, been studied in order to find out the funda- 
mental factors underlying the reactions and their possible influence 
in the recovery of a greater part of the carbon content of natural 
gas than is now possible. Present commercial plants using natural 
gas for the manufacture of carbon-black recover from 0.8 to 1.5 
pounds of carbon-black per thousand cubic feet of gas consumed, 
or less than 5 per cent. of the total carbon in the gas. It should 
be noted, however, that the present methods involve heating the 
gas to incandescence by burning it as a luminous flame, and a 
considerable part of the gas is thus consumed as a source of heat. 
[f this heat can be supplied from some other source, or if a 
more efficient method of applying the energy contained in part of 
the gas, to the decomposition of the rest of it, can be worked 
out, then a greater yield of carbon-black per thousand cubic feet 
of gas can be expected. Results showed that electrical production 
of carbon-black is a promising field, but further research is neces- 
sary to determine its commercial feasibility. Further details on 
the experiments are given in Serial No. 2417, recently published 
by the Bureau. 


* Communicated by the Director. 
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GOLD IN OIL SHALES AND ITS POSSIBLE RECOVERY. 
By Thomas Varley. 


STATEMENTS have appeared in the technical press, indicatin, 
that valuable metals such as gold, silver, platinum, and other rar 
metals, have been found and also have been successfully extracted 
from oil shales. An investigation of the subject was made by 
the metallurgical division of the Bureau of Mines, in order, if 
possible, to determine to what extent, if any, metals of value do 
occur in oil shales, and if so, the feasibility of attempting thei: 
recovery by the processes said to have been used for that purpose 
An agreement was entered into with the owner of an extensive oi! 
shale deposit in Wyoming, whereby I personally collected the 
samples of shales for use in the investigation. 

The samples tested contained minute amounts of gold, to the 
extent of possibly 40 or 50 cents per ton of original shale, but 
the amount found is not of commercial value. 

No special precautions are necessary in assaying shale for 
gold, any direct assay by a reliable method will give the true gold 
content of the original material. Further details will be found in 
Serial No. 2413, recently published by the Bureau. 


PREPARATION OF LIGHT ALUMINUM-COPPER 
CASTING ALLOYS. 


By R. J. Anderson. 


In aluminum-alloy foundry practice, light aluminum-coppe: 
alloys are preferred for general use for castings, in fact, as far as 
can be estimated from the available figures, the domestic produc 
tion of castings from an alloy containing approximately 92 pet 
cent. of aluminum and 8 per cent. of copper was about 97 pet 
cent. of the castings in all kinds of alloys in 1920, which amounted 
to about 81,000,000 pounds. Several other binary aluminum 
copper alloys are employed for commercial castings ; these contain 
from 2 to 13.5 per cent. of copper, the remainder being aluminum 
In the United States, the alloy containing 92:8 aluminum is re 
garded as the best alloy available for general casting purposes and 
for some special castings. In addition, more or less definite light 
alloys have been developed for particular uses, notably piston and 
carburetor alloys and alloys for so-called leak-proof parts. 
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Aluminum-alloy foundries in the United States employ three 
methods for introducing copper into aluminum in making light 
aluminum-copper alloys: (1) The use of copper directly; (2) the 
use of 33:67 copper-aluminum alloy; and (3) the use of 50: 50 
copper-aluminum alloy. The usual method of preparing rich 
alloys is to melt the copper and part of the aluminum separately 
and then to pour the copper into the aluminum, keeping the tem 
perature as low as possible by adding the remainder of the cold 
aluminum. Experiments of the Bureau of Mines in the prepara- 
tion of the rich alloys and No. 12 alloy have yielded data with 
regard to dross losses, relative costs, and merits of methods. 
Further details will be found in Technical Paper 287, of the 
Bureau of Mines. 


On the Selective Absorption of Electric Waves in Dielectrics. 
W. Romanorr. (Ann. d. Physik, No. 18, 1922.)—Whatever is re- 
lated to the nexus between matter and radiation may throw light on 
the structure of matter. The most thorough investigation of radiation 
and absorption has been made for the wave-lengths of the visible 
spectrum and the adjacent fields of the infra-red and ultra-violet ; the 
territory of the X-rays is now under examination. It is in the range 
of the electric waves that the greatest gap in our knowledge of this 
subject exists. 

A very simple method is here presented for studying the absorp- 
tion of electric waves by liquids. A train of waves is set up along two 
wires. About 4 milligrams of liquid in a tube of fused quartz is 
placed where experiment has shown that it will not unduly disturb the 
electrical relations of the system. As the liquid absorbs the waves its 
temperature rises. This is measured by a thermal junction. A second 
thermo-element measures the electrical energy falling on the liquid. 
The ratio of the energy absorbed to the energy incident characterizes 
the absorptive power of the liquid for the wave-length employed. This 
method gives only relative results but it has the merit of convenience. 
Several of the alcohols were thus investigated. In general for the 
range of wave-lengths applied, 570 to 880 mm., the absorption ratio 
grows less as the wave-length increases. In isobutyl alcohol the ratio 
has a maximum value at the wave-length of 600 mm. For ethyl 
alcohol the ratio is four times as great for a wave-length of 570 mm. 
as for one of 880 mm. Selective absorption is thus shown to exist in 
all the alcohols examined. G. F. S. 


The German Dye Industry.—The leading nations involved 
against Germany were especially aroused during the war concerning 
the establishment of plants for manufacturing the synthetic coal-tar 
products, of which the dyes constitute the most important portion. 
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For many years Germany had practical control of the output o: 
dyes, a condition due largely to the thorough codperation of theor, 
and practise, also to ingenious trade arrangements as to domesti 
distribution and export. The sudden stoppage of the supply becam: 
world-wide, for the Allies, of course, discontinued all commercia! 
relations with their enemy, and the British blockade cut off supp! 
to neutral countries. The several nations thus deprived proceede: 
to establish industries, and, after much difficulty and not a few 
failures, some of them have succeeded in producing many dyes an 
other synthetic tar products equal to those formerly manufacture 
only beyond the Rhine. Two methods have been employed as finan 
cial aids to these industries: Embargo on importation and high duty 
Shortly after the Armistice, an embargo was placed by the U. S 
Government on all dyes, except such as were not obtainable at reason 
able price and satisfactory quality in the domestic market. This 
embargo has now been succeeded by the Tariff Act lately approved 
The Commerce Monthly for December (issued by the National Bank 
of Commerce, New York) gives figures for the imports and domes 
tic production of dyes, in pre-war and post-war years. 

In 1914, the United States produced about six and one-hal! 
million pounds and imported nearly forty-six million pounds. In 
1921, the figures are: Domestic production forty million pounds; 
importations somewhat less than four millions. In 1920, the domesti: 
production was more than double that of 1921, but the result was 
large excess stock, which together with the industrial depressio: 
caused a material falling off in manufacture. It seems from thx 
data at hand that the three great nations that were at war wit! 
Germany have succeeded in establishing satisfactory methods oi 
making the more important dyes, but that these industries are stil! 
“infants” in the economic sense, and can only be maintained against 
German competition by embargo or tariff. Italy has employed the 
embargo method to prevent competition, but it has been for many 
years under German influence. The advertisements in Italian trade 
and scientific journals show that a very active propaganda is being 
carried on by German firms, and it will not be surprising if this 
newly developed industry is upset. 

The problem is still more complicated by the fact there are larg: 
areas in which no such industry has been established, occupied by 
dense population who have demands for large amounts of dyes 
Recent statistics show that Germany is now furnishing to China, 
Japan, Czechoslovakia, the Baltic States, and Austria large amounts 
of dyes. Germany’s opportunities in some markets are materially 
increased by the monetary conditions. Since Germany’s exchange 
is more nearly to the level of the exchanges of the markets of the 
Far East, the German manufacturer has an advantage over those 
in countries in which exchange is nearer par. All the data that come 
to us from Germany indicate that the Allied and Associated Powers 
have “ scotched the snake, not killed it.” rm. i. 
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THE FRANKLIN INSTITUTE. 


Proceedings of the Stated Meeting held Wednesday, December 20, 1922.) 


HA.tt or THE FRANKLIN INSTITUTE, 
PHILADELPHIA, December 20, 1922. 


Dr. WALTON CLARK, President, in the Chair. 


The Board of Managers submitted its report. The report recorded the 
election to membership of : 
Allen Addicks, Esq., B.S., Engineer, 106 South 36th Street, Philadelphia, 
Pennsylvania. 
Francis L. Cramp, Esq., Assistant to President, Cramp’s Shipyard, Phila- 
delphia, Pennsylvania. 
George C. Kuesel, Esq., D.D.S., Consulting Dental Surgeon, 1614 Locust 
Street, Philadelphia, Pennsylvania. 
C. E. Kenneth Mees, Esq., D.Sc., Director, Research Laboratory, Eastman 
Kodak Company, Rochester, New York. 
Joseph MacGregor Mitcheson, Esq., Assistant City Solicitor, 1018 Stock 
Exchange Building, Philadelphia, Pennsylvania. 
Richard G. Sagebeer, Esq., B.A., Teacher, Haverford College, Haverford, 
Pennsylvania. 
J. E. Shrader, Esq., Ph.D., Professor of Physics, Drexel Institute, Phila- 
delphia, Pennsylvania. 
Rodney H. True, Esq., Ph.D., Professor of Botany, University of Penn- 
sylvania, Philadelphia, Pennsylvania. 
William C. Tuttle, Esq., Manager of Trust Investments, Girard Trust 
Company, Broad and Chestnut Streets, Philadelphia, Pennsylvania. 
Charles A. Williams, Esq., Chemist, 119 N. College Avenue, Oxford, Ohio; 
tures before the Sections as follows: 


“ Recent Aeronautic Investigations and the Airplane Industry,” by 
Joseph S. Ames, Ph.D., LL.D., 
Professor of Physics, 
The Johns Hopkins University, 
Baltimore, Maryland; 


“Recent Advances in Photographic Theory,” by 
C. E. Kenneth Mees, D.Sc., Director, 
Research Laboratory, 
Eastman Kodak Company, 
Rochester, New York; 
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“The Earliest Apparatus and Procedures of Photography: Contributions 
to the Centenary of Modern Photographic Methods,” by 
Henry Leffmann, A.M., M.D., 
Lecturer on Research, 
Philadelphia Coliege of Pharmacy and Science, 
Philadelphia, Pennsylvania ; 
and a lecture before the Stated Meeting November 15, 1922, by 
E. Newton Harvey, Ph.D., 
Professor of Physiology, 
Princeton University, 
Princeton, New Jersey, 
on “ Animal Luminescence ” ; 
also additions to the library by gift, 83 volumes and 209 pamphlets; by pur 
chase, 11 volumes and 1 pamphlet. 

The Committee on Nominations appointed by Vice-President Henry 
Howson in accordance with a resolution passed at the Stated Meeting, held 
November fifteenth last, presented the following list of nominees to be voted 
for at the annual election to be held on Wednesday, January 17, 1923: 

For President (to serve one year), Walton Clark. 

For Vice-President (to serve three years), W. C. L. Eglin. 

For Treasurer (to serve one year), Benjamin Franklin. 

For Managers (to serve three years), Gellert Alleman, G. H. Clamer 
Theobald F. Clark, Walton Forstall, Benjamin Franklin, Harry F. Keller 
George D. Rosengarten, Wm. Chattin Wetherill; (to serve two years) 
J. T. Wallis; (to serve one year), J. Bartleman Klumpp. 

On motion, duly seconded, the nominations were closed. 

The Chairman then recognized Dr. Thomas D. Cope, who introduced 
Dr. A. H. Pfiund of The Johns Hopkins University, Baltimore, Maryland 
who had recently been awarded the Edward Longstreth Medal for his 
Cryptometer, Paint Film Gauge, Colorimeter and Rotating Sector. 

Doctor Cope said, “ Mr. President, Members of the Institute, Ladies and 
Gentlemen: Some time ago our medalist, Doctor Pfund, was called upon t 
apply in the paint industry the knowledge which he had acquired as 
physicist while working upon the problems which he had met in his laboratory 
He has left his mark upon the paint industry in the form of four instruments 
the Cryptometer, the Paint Film Gauge, a Colorimeter for nearly white sur 
faces, and a Precision Rotating Sector. The Cryptometer is an instrument for 
determining the area which one gallon of white or black paint will conceal 
The Paint Film Gauge permits a rapid determination of the thickness of a film 
of wet paint. The Colorimeter enables the deviation from true white of 
nearly white surface to be determined both qualitatively and quantitatively 
The Precision Rotating Sector enables the observer to determine the angula: 
opening of a sector while the sector is in rapid rotation. The essential featur: 
of this instrument is a simple and elegant optical device. 

“ These instruments have been thoroughly investigated by the Committe: 
on Science and the Arts. They have been found sound in principle, wel 
designed and well adapted to meet the problems which they are intended to 
solve. The Committee finds, too, that these instruments are in extensive us 
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ind are looked upon by their users as important contributions to the art of 


precise measurement in the paint industry. In recognition of the originality 


nd ingenuity displayed by Doctor Pfund in designing these instruments by 
eans of which he has introduced physical methods of precision into the 
paint industry, the Institute acting on the recommendation of the Committee 

Science and the Arts has awarded to him the Edward Longstreth Medal 

Merit. 

‘I have the honour, Mr. President, to present to you Dr. A. H. Piund, 
\ssociate Professor of Physics at Johns Hopkins University, Baltimore, 
Maryland.” 

The Chairman then presented the Medal, Certificate and Report to Doctor 
Piund, who in accepting them said: 

‘Mr. President: This is an honor, indeed, to be thus recognized by The 
ranklin Institute. I accept this medal gratefully and in all humility. 

“The work for which the present award was made lies in the field of 
ipplied science. It is often thought that this field is a borrower only—taking 
he ideas and discoveries of pure science and making them useful to man. 
[his is a mistake. Practical things, be they products or processes, bring about 
new conditions which, in turn, unearth new problems. These problems, if 
pursued to their logical conclusion, inspire research of the purest and 
Itiest type. 

“Thus is a reciprocity established which aids in the furtherance of both 

Ids of endeavor.” 

The paper of the evening was then presented by Dr. W. F. G. Swann, 
Professor of Physics, University of Minnesota, Minneapolis, Minnesota, on 
Unsolved Problems of Cosmical Physics.” The status of our knowledge 

the earth’s magnetic and electric phenomena was discussed as well as the 
rigins of magnetic storms, earth-currents, the aurora borealis and their rela- 
tions to the sun’s activity. Consideration was also given to the modern views 

the origin of gravitation and the bearing of Einstein's theory upon gravi- 
tional phenomena. The subject was illustrated by lantern slides 

A unanimous vote of thanks was extended to the speaker. 

Adjourned 

OweENs, 


Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 


Abstract of Proceedings of Stated Meeting held Wednesday, 
December 6, 1922.) 


HAL oF THE INSTITUTE, 
PHILADELPHIA, December 6, 1022. 


Dr. James Barnes in the Chair. 


following reports were presented for final action: 


4 a 
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No. 2793: Cryptometer, Colorimeter, Paint Film Gauge and Rotating 
Sector. The Edward Longstreth Medal to Dr. A. H. Pfund 
of Baltimore, Maryland. 


No. 2795: Johnson Hydraulic Valve. The Elliott Cresson Medal 
Mr. Raymond D. Johnson of New York. 


The following reports were presented for first reading: 


No. 2801 
and The Franklin Medal. 
No. 2802 
R. B. Owens, 
Secretar) 


SECTIONS. 


Section of Physics and Chemistry—A meeting of the Section was held 
in the Hall of the Institute on Thursday evening, November 9, 1922, at eight 
o'clock, with Dr. Harry F. Keller in the Chair. The minutes of the previou 
meeting were read and approved. 

Wilder D. Bancroft, Ph.D., World War Memorial Professor of Physica 
Chemistry in Cornell University, Ithaca, New York, presented a communication 
on “Structural Colors in Feathers.” These conclusions were drawn: Reds 
yellows and blacks are pigment colors; whites, blues, greens, and the metalli: 
colors are structural colors; the metallic colors are interference colors, du 
to thin films. 

The paper was discussed; a vote of thanks was extended to Doctor: 
Bancroft; and the meeting adjourned. 


Josepn S. Hepspurn, 
Secretary. 


Section of Physics and Chemistry—A meeting of the Section was held i 
the Hall of the Institute on Thursday evening, November 23, 1922, at eight 
o'clock, with Dr. Thomas D. Cope in the Chair. The minutes of the previou 
meeting were read and approved. 

Joseph S. Ames, Ph.D., LL.D., Professor of Physics at The Johns Hopki: 
University and Director of the Office of Aeronautical Intelligence, Nationa 
Advisory Committee for Aeronautics, presented a communication entitl< 
“Recent Aeronautic Investigations and the Airplane Industry.” A descripti: 
was given of (a) the distribution of forces over the various surfaces of ar 
airplane, (>) the motion of the airplane in manceuvres, and (c) the study of t! 
scale effect in aerodynamics. The immediate application of experimenta! 
researches in the airplane industry was discussed. 

The communication was discussed; a vote of thanks was extended t 
Doctor Ames; and the meeting adjourned. 


JosepH S. HeEpsurn, 
Secretary. 
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Section of Physics and Chemistry and Section of Photography and Micro- 
scopy.—A joint meeting of the Sections was held in the Hall of the Institute 
on Thursday evening, December 7, 1922, at eight o’clock, with Dr. H. J. M. 
Creighton in the Chair. The minutes of the previous meeting were approved 
as published. 

C. E. Kenneth Mees, Sc.D., Director of the Research Laboratory, East- 
man Kodak Company, Rochester, New York, delivered a lecture on “ Recent 
Advances in Photographic Theory,” in which a resumé was given of the recent 
researches in this field. 

The lecture was illustrated by means of lantern slides. The communi- 
cation was discussed; a vote of thanks was extended to Doctor Mees; and the 
meeting adjourned. 


JoserpH S. HEeEppurn, 
Secretary. 

Section of Physics and Chemistry and Section of Photography and 
Vicroscopy—A joint meeting of the Sections was held in the Hall of the 
Institute on Thursday evening, December 14, 1922, at eight o'clock, with Mr. 
Alfred Rigling in the Chair. The minutes of the previous meeting were 
read and approved. 

Henry Leffmann, A.M., M.D., Ph.D., Lecturer on Research in the Phila- 
delphia College of Pharmacy and Science, delivered a lecture on “ The Earliest 
Apparatus and Procedures of Photography: Contributions to the Centenary 

Modern Photographic Methods.” The work of Niépce, and other investi- 
gators prior to Daguerre, concerning the action of light on various substances 

is reviewed; and the types of camera and the technic used by these early 
nvestigators were described. The lecture was illustrated by means of experi- 
ments and lantern slides. 

The paper was discussed; a vote of thanks was extended to Doctor Leff- 

nn; and the meeting adjourned. 
JosepH S. HEpBuRN, 
Secretary. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 


(Stated Meeting, Board of Managers, December 13, 1922.) 
RESIDENT MEMBERS. 


Mr. Francis L. Cramp, Cramp’s Shipyard, Richmond and Norris Streets, 
Philadelphia, Pennsylvania. 

Dr. Georce C. Kveser, 1614 Locust Street, Philadelphia, Pennsylvania. 

Mr. JosepH MacGrecor Mitcueson, 1018 Stock Exchange Building, Phila- 
delphia, Pennsylvania. 

Mr. Ricnarp G. Sacepeer, Harverford College, Haverford, Pennsylvania. 

Dr. J. E. Suraper, Drexel Institute, Philadelphia, Pennsylvania. 

Dr. Ropney H. True, Department of Botany, University of Pennsylvania, 

Philadelphia, Pennsylvania. 
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Mr. Wituiam C. Tutte, Girard Trust Company, Philadelphia, Pennsylvani 
Mr. CuHartes A. WILLIAMS, 917 Madison Street, Chester, Pennsylvania. 


NON-RESIDENT. 


Dr. C. E. K. Mees, Director, Research Laboratory, Eastman Kodak Compa: 
Rochester, New York. 


ASSOCIATE, 


> 
= 
= 


. Atten Appicks, 106 South 36th Street, Philadelphia, Pennsylvania 


CHANGES OF ADDRESS. 


Mr. Watter Arcee, 218 East Twentieth Street, Baltimore, Maryland. 

Mr. Georce W. Bircu, Jr., 19 Fairview Avenue, Highland Park, Pennsylva: 

Mr. JoHN Stuart Eason, 522 Merchants Bank Building, St. Paul, Minnesota 

Mr. Herman Livincston, Richards Park, Somerville, New Jersey. 

Mr. Joun C. Trautwine, 3rd, Morton Avenue and Providence Road, Morton 
Pennsylvania. 


Mr. H. R. Van Deventer, Dubilier Condenser and Radio Corporation, 4° 


West Fourth Street, New York City, New York 


Mr. J. M. Werss, 210 West 110th Street, New York City, New York 


— 


' NECROLOGY. 


John Forrest Kelly was born in Carrick-on-Suir, Ireland, March 28, 1850 
and died at Pittsfield, Massachusetts, on October 15, 1922. He came to th 


United States when a boy and graduated from Stevens Institute of Technolog) 


in 1878 with the degree of Bachelor of Science, the degree of Doctor 
Philosophy being conferred upon him three years later by the same institutio: 


In 1879 he entered the Edison Laboratory as a chemist, and later joined the 


staff of the Western Electric Company. During the following twenty-fiy 
years he acted as technical advisor to many important electrical interest 
More than ninety patents were granted to Doctor Kelly for devices used in th 


generation, distribution, transmission and measurement of electrical powe! 


and energy. In 1895, he founded the Tel-Electric Company. In 1910, on th 
recommendation of The Franklin Institute, the City of Philadelphia awarde 
him the John Scott Legacy Medal and Premium for his electric piano playe: 
In recent years, Doctor Kelly had been interested in processes for the dryin 
of food products. 

Doctor Kelly was a member of the leading scientfiic and technical s 
cietys of the United States and Europe. He became a member of Th 
Franklin Institute on April 12, 1913. 

Mr. John E. Carter, 5356 Knox Street, Germantown, Philadelphia, Pen: 
sylvania. 

Rear Admiral John R. Edwards, Bristol, Rhode Island. 

Mr. John Wanamaker, 1300 Market Street, Philadelphia, Pennsylvan 
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LIBRARY NOTES. 


LIBRARY NOTES. 
PURCHASES. 


\pvisorY COMMITTEE FOR AERONAUTICS.—Report of the Light Alloys Sub- 
committee. 1921. 

Cross, C. F., and DorEe, (¢ Researches on Cellulose, vol. 4, 1910-21. 1922 

Ganswinpt, A.—Dyeing Silk, Mixed Silk Fabrics and Artificial Silks. Tr. 

by Charles Salter. 1921 


Martin, T. C., and Cores, S$. L.—Story of Electricity, vol. 2. 1922. 
NATIONAL ASSOCIATION OF CoTTON MANUFACTURERS.—Year Book and Manual. 
1922. 


Newcomen Society for the Study of the History of Engineering and Tech- 
nology, Transactions, vol. 1, 1920-21. 1922. 

Physical Society of London and the Optical Society.—Discussion on the Mak- 
ing of Reflecting Surfaces. No date. 

PirmMER, R. H. A.—Analyses and Energy Values of Foods. 1921. 

Royal Society of Edinburgh, Transactions 1921-22, vol. 53, Pt. 1. 1922. 

SABATIER, P.—Catalysis in Organic Chemistry. Tr. by E. Emmet Reid. 1922. 

Smits, A——Theory of Allotropy. Tr. by J. Smeath Thomas. 1922. 

STILLMAN, J]. M.—Paracelsus. 1920. 

TuttLe, J. B—Analysis of Rubber. 1922. 

GIFTS. 

Allen Cone Company, Bulletin No. 23, Allen Sand Tank. El Paso, Texas, 
1922. (From the Company.) 

American Society of Heating and Ventilating Engineers, Year Book 1922 
New York City, New York, 1922. (From the Society.) 

Association of Iron and Steel Electrical Engineers, Proceedings, 1921. Pitts- 
burgh, Pennsylvania, no date. (From the Association. ) 


Australasian Association for the Advancement of Science, Report of the 
Fifteenth Meeting, January, 1921. Melbourne, Australia, 1921. (From 
the Association. ) 

rber Asphalt Company, The Last Analysis and the Wonderland of Trinidad. 
Philadelphia, Pennsylvania, 1922. (From the Company.) 

rown Instrument Company, Catalogue No. 85, Brown Automatic Control 
Signalling and Alarm Instruments. Philadelphia, Pennsylvania, 1922 
(From the Company.) 


runtons, Splicing and Socketing of Wire Ropes. Musselburgh, Scotland, 
1922. (From the Company.) 

ilkins Company, Catalogue H, “ Calkins” Specialties. Los Angeles, Califor- 
la, 1922. (From the Company.) 

ambridge and Paul Instrument Company, Limited, Lists of Instruments, 
Pyrometers and Thermometers Nos. 100, 157, 161, 164, 165, 190, 191, 194, 
and 195A. London, England, 1922. (From the Company.) 

nada Department of the Interior, Irrigation Series, Bulletin No. 6, Irri- 
gation Practice and Water Requirements for Crops in Alberta. Ottawa. 
Canada, 1922. (From the Department.) 

inada Department of Mines, Tale and Soapstone in Canada by Hugh S 
Spence. Ottawa, Canada, 1922. (From the Department.) 
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Canadian Car and Foundry Company, Limited, Bulletins Nos. T2 and S 
Montreal, Canada, 1921. (From the Company.) 

Carborundum Company, Booklet of Carborundum Anti-slip Tile. Niagara 
Falls, New York, 1922. (From the Company.) 

Climax Engineering Company, Bulletin 1001. Clinton, Iowa, 1922. (Fro: 
the Company.) 

Century Electric Company, Bulletins Nos. 28, 29, 30 and 31. St. Louis, M 
souri, 1922. (From the Company.) 

Coeur d’Alene Hardware and Foundry Company, Bulletin No. 21. Walla 
Idaho, 1922. (From the Company.) 

Colorado State Bureau of Mines, Annual Report for the Year 1921. Denve: 
Colorado, 1922. (From the Bureau.) 

Connecticut State Geological and Natural History Survey, Bulletins 23 
32 inclusive. Hartford, Connecticut, 1920. (From the State Geologist. ) 

Connersville Blower Company, Bulletin No. 4, Rotary Displacement Mete: 
Connersville, Indiana, 1922. (From the Company.) 

Consolidated Pneumatic Tool Company, Limited, Electric Tool Catalogu 
London, England, 1922. (From the Company.) 

Constantinesco, George, Theory of Wave Transmission and Pamphlet on Way 
Transmission. London, England, 1922. (From Mr. Walter Haddon.) 

Continental Radio and Electric Corporation, Modern Radio 1922. New Y: 
City, New York, 1922. (From the Corporation.) 

Crouse-Hinds Company, Catalogue No. 2000, Condulets. Syracuse, New Yor 
1922. (From the Company.) 

Cunard Steamship Company, Limited, Over Eighty Years of Trans-Atlant 
Travel and Atlas of the World. New York City, New York, 1922. (Fr 
the Company.) 

Dayton-Dowd Company, Booklet on Centrifugal Pumps. Quincy, Illin: 
1922. (From the Company.) 

Dixon Valve and Coupling Company, Catalogue No. 6. Philadelphia, Penns) 
vania, 1922. (From the Company.) 

Dust Recovering and Conveying Company, Bulletin No. 5. Cleveland, Oh 
1922. (From the Company.) 

Electric Storage Battery Company, Binder containing a Complete Set 
Bulletins, Form 1296 and two booklets “Facts.” Philadelphia, Penns) 
vania, 1922. (From the Company.) 

Engineer Company, Turner Baffle Book. New York City, New York, to. 
(From the Company.) 

Falk Corporation, Bulletins Nos. 31 and 32, Herringbone Gears. Milwauk 
Wisconsin, 1922. (From the Corporation.) 

Fall River Water Works, Report of the Watuppa Water Board. Fall Rive: 
Massachusetts, 1922. (From the Works.) 

Federal Telephone and Telegraph Company, Bulletin No. 119-W. Buffa 
New York, 1922. (From the Company.) 

Georgetown University, Triennial Report of the Extra-curriculum Activit 
of Georgetown University. Washington, District of Columbia, 1o- 
(From the University.) 
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fford-Wood Company, Catalogue No. 64. (From 
the Company.) 
odall Rubber Company, 


Hudson, New York, 1922. 


Incorporated, Rubber Products and Semi-Metallic 


Hose. Philadelphia, Pennsylvania, 1922. (From the Company.) 
;ood Roads Machinery Company, Incorporated, Champion Crushing and 
Quarrying Machinery. Kennett Square, Pennsylvania, 1922. (From 


layward Company, Catalogue No. 43 of Hayward Buckets. 


the Company.) 
New York City, 


New York, 1922. (From the Company.) 
ngersoll-Rand Company, Compressed Air for Trench, Tunnel and Pipe 
Work. New York City, New York, 1922. (From the Company.) 
stitution of Automobile Engineers, Proceedings, Session 1921-22, Part I. 


nternational Nickel Company 


(From the Institution.) 

Pamphlet of Monel Metal and Nickel Products. 
(From the Company.) 
Company, 


London, England, 1922 


New York City, New York 
Western El 


New York City, N« 


1922. 


( Vol. 


Communication, 
(From the Company.) 


Electrical 
w York, 1922. 


ernational 


No, I. 


1¢ 


I, 


ceedings of the Thirty-fourth Annual Meeting. 


Des Moines, Iowa, 1922. (From the Society.) 
Catalogues Nos. 277 and 368, Swing Hammer 


Pulverizers and Machinery for Fertilizer Plants. Columbus, Ohio, 1922. 
(From the Company.) 

ea Recorder Company, Limited, Bulletin of Lea Coal Meters and Booklet 
M, A Book for St Users. Manchester, England, 1922. (From 


the Company. ) 


nila Bureau of Education, Twenty-second Annual Report of the Director 
1f Education for 1921. Manila, Philippine Islands, 1922. (From 
the Bureau.) 

rks, H. E., Corporation, Marks System of Gypsum Roofs. Pittsburgh, 


(F 
rshall Sons and Company, Limited, Steam Traction Engines. 


Pennsylvania, 1922. 


rom the Corporation. ) 


Gainsborough, 


+} 


Scotland, 1922. (From the Company.) 
edart Company, Catalogue 43. St. Louis, Missouri, 1922. (From the 
Company. ) 
edford Water and Sewer Commissioners, Annual Report for the Year 
Ending December 31, 1921. Medford, Massachusetts, 1922. (From 
the Commissioners. ) 
n Institute of Industrial Research, Recent Progress in Smoke Abate- 


ment and Fuel Technology in England and Bibliographic Series Bulletin 
No. 1. Pittsburgh, Pennsylvania, 1922. (From the Institute.) 
tional Physical Laboratory of Teddington, Report for the Year 1921 and 
Collected Researches, Vol. xvi, 1921. 
the Laboratory.) 

Hampshire Public Service 


To London, England, 1921. (From 


Commission, Reports and Orders, Advance 


Sheet No. Vol. viii Concord, New Hampshire, 1922. (From 
the Commissioners.) 
bel Industries, Limited, Metal Breaking with Explosives. London, Eng- 


land 


1922. (From the Company.) 
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Ohio Geological Survey, Bulletin 25, Pottsville Fauna of Ohio by Hele: 
Morningstar. Columbus, Ohio, 1922. (From the State Geologist.) 
Ohio Hydrate and Supply Company, A Job That Took a Million Years . 

The Tale of the Clam. Woodville, Ohio, 1922. (From the Company.) 

Ontario Department of Agriculture, Bulletins 289 and 290, Sixteenth Annua 
Report of the Horticultural Societies for the Year 1921, and Report 
the Women’s Institutes of the Province of Ontario, 1920 and 102 
Toronto, Canada, 1922. (From the Department.) 

Philadelphia Rapid Transit Company, Souvenir Booklet Giving a_ Bri 
Account of the Construction, Equipment and Operating Agreement 
the Frankford Elevated Railway and Bustleton Surface Line. Phi! 
delphia, Pennsylvania, 1922. (From Mr. John J. L. Houston.) 

Pike Manufacturing Company, Sharpening Stones and Abrasive Spex 
‘ties. Pike, New Hampshire, 1922. (From the Company.) 

Portland Commission of Public Docks, The Port of Portland. Portla: 
Oregon, 1922. (From the Commissioners.) 

Power Manufacturing Company, Primm Oil Engines. Marion, Ohio, 102. 
(From the Company.) 

Public Ledger Company, Philadelphia, Historic, Central Metropolitan a: 
Industrial. Philadelphia, Pennsylvania, 1922. (From the Company 

Radio Corporation of America, Pamphlets, Radio of To-day and To 
morrow, How to Send a Radiogram and Radio Central, World-wid 
Wireless. New York City, New York, 1922. (From the Corporation 

Royal Dublin Society, Scientific Proceedings, Vol. xvi, Nos. 35-39, a1 
Vol. xvii, Nos. 1-10. Dublin, Ireland, 1922. (From the Society.) 

Sanderson Bibby Company, Limited, High Efficiency Mill Gearing. Londo: 
England, 1922. (From the Company.) 

Smith, Edgar F., Franklin Bache, Chemist. Philadelphia, Pennsylvania 
1922. (From the Author.) 

Smithsonian Institution, New Timaline Birds from the East Indies, Public 
tion No. 2674. Washington, District of Columbia, 1922. (Fron 
the Institution.) 

Southern Pine Association, Southern Pine, What It Is and What It Is Us: 
For. New Orleans, Louisiana, 1922. (From the Association.) 

Stanford University, Biological Sciences Publications, Vol. ii, No. 3, and Vo 
iii, No. 1. Stanford University, California, 1922. (From the Universit) 

States Company, Electric Meter Testing Apparatus. Hartford, Connecticut 
1922. (From the Company.) 

Steam Power Publishing Company, Steam Power, February to Septem) 
1922. Chicago, Iliinois, 1922. (From the Company.) 

Stromberg Motor Devices Company, Essential Information for Car Owner 
and Stromberg Plain Tube Carburetor. Chicago, Illinois, 1922. (From 
the Company.) 

Sturtevant, B. F., Company, Catalogue No. 291 and Bulletin No. 206. Bostor 
Massachusetts, 1922. (From the Company.) 

Sullivan Machinery Company, Bulletins 70, 72, 74, 77 and 79. Chicag 
Illinois, 1922. (From the Company.) 

Sweet’s Catalogue Service, Sweet’s Engineering Catalogue, Second Annua 
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Edition. New York City, New York, 1915. (From Mr. John J. L 
Houston. ) 

[Technische Hoogeschool, Delft, Holland, Seven Dissertations Presented dur- 
ing 1921 and Two Dissertations Presented during 1922. Delft, Holland. 
(From the High School.) 

Tyler, W. S., Company, Catalogue 50, Double Crimped Screen. Cleveland, 
Ohio, 1922. (From the Company.) 

United States Air Service, Information Circulars Nos. 303, 341, 354, 
357, 363, 364, 368, and 369. Washington, District of Columbia, 1922. 
(From the Chief of Air Service.) 

United States Bureau of Foreign and Domestic Commerce, Foreign Commerce 
and Navigation for 1921. Washington, District of Columbia, 1922. (From 
the Bureau.) 

United States Galvanizing and Plating Equipment Corporation, Bulletins 100 
and 105. Brooklyn, New York, 1922. (From the Corporation.) 

‘ited States Gypsum Company, How to Get Best Results from Gypsum 
Plaster. Chicago, Illinois, 1922. (From the Company.) 

iniversity of Kansas, Annual Catalogue, Section I, General Information, 
Section II, Announcement of Courses, and Section III, Roster of Faculty, 
Students and Graduates. Topeka, Kansas, 1922. (From the University.) 

niversity of Pittsburgh, Publications of the Allegheny Observatory, Vol. 6, 
No. §. Pittsburgh, Pennsylvania, 1922. (From the Observatory.) 

University of Virginia, Virginia Geological Survey Bulletin No. 23. Char- 
lottesville, Virginia, 1922. (From the University.) 
versity of Washington, Catalogue 1921-1922 and Announcements 1922- 
1923. Seattle, Washington, 1922. (From the University.) 

Wellington Census and Statistics Office, Report on the Justice Statistics, Vital 
Statistics and Statistical Report on the Population of the Dominion of 
New Zealand for the Year 1921. Wellington, New Zealand, 1922. (From 
the Census and Statistics Office.) 

Wing, L. J., Manufacturing Company, Bulletin 57, Wing Turbine Blowers 
New York City, New York, 1922. (From the Company.) 

Wisconsin Directory Company, Stationary Engineers’ Book 1910-1911. Mil- 
waukee, Wisconsin, 1911. (From Mr. John J. L. Houston.) 
onsin Geological and Natural History Survey, Bulletin 64, Inland Lakes 

of Wisconsin. Madison, Wisconsin, 1922. (From the State Geologist.) 

‘right Manufacturing Company, Catalogue No. 10. Lisbon, Ohio, 1922. 
From the Company.) 


BOOK NOTICES. 


TALYSIS IN ORGANIC CuHeEmMistTrY. By Paul Sabatier, Member of the 
Institute. Translated by E. Emmet Reid, Johns Hopkins University. 
xxiv-969 pages, pages with name and subject indexes, 8vo. New York, 
D. Van Nostrand Company. Price, $5 net. 

The term catalysis in its chemical application was introduced by 
rzelius, but was in use in English, at least, as early as 1635, with the 
neral meaning of catastrophe or dissolution. It was also used by Libavius. 
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Berzelius’ application of it was first made in an article in the Ann. d. Ch 
(1836, vol. 61, 150), in which he expressed his view as follows: 

“This new force, which was unknown until now, is common to organi 
and inorganic nature. I do not think that it is a force wholly independe: 
of the electrochemical affinities of matter; on the contrary, I think that it 
only a new manifestation, but in so far as we can note the connection betwe 
them and their mutual relations, it will be appropriate to designate it by 
distinct name. I will call it catalytic force, and will term catalysis t! 
decomposition of substance by this force, analogous to our use of the ter: 
analysis for the decomposition of substances by chemical affinity.” 

It is interesting to note that four years before Berzelius published his 
paper, Dobereiner had discovered a striking instance of catalysis in th 
inorganic field, without, however, discussing the nature of action or assigning 
any title to it. This was the action of manganese dioxide in facilitating th: 
decomposition of potassium chlorate. His report appeared in Annalen (1832 
I, 236). It is a little surprising that the earliest use of the term catalys 
by Berzelius is in Sabatier’s work referred to his Traité de Chimie of 1845 
whereas the date of his application of the term is, as noted above, nin 
years earlier. 


Catalytic actions have been extensively studied and an immense num! 
of instances is known. Many are of only theoretical interest, but many other 
again are of the greatest practical importance. The mechanism of the actio 
is still in great measure obscure. Even the exact limitations of the phenome: 
are not absolutely fixed. Ostwald’s definition has been in favor. It 
“a catalyst is a substance which influences the velocity of a reaction without 
appearing in the final product.” This would, as Sabatier remarks, great! 
widen the extension of the term, for water has a very active power of increa 
ing the velocity of reactions. The degree of fineness of powders is a 
influential. Strictly speaking the catalyst does appear in the final product 
although not as part of the results of its action. Perhaps a better, thou; 
slightly more pedantic, definition is “a substance that modifies the spec 
velocity of a reaction without stoichiometric participation therein.” 1 
work in hand devotes considerable space to the mechanism of catalysis 
very interesting phase of the subject is the susceptibility of catalysts to int 
ference by the presence of small amounts of other substances and also s1 
ceptibility to temperature and hydrogen-ion concentration. These att 
influences have been especially noted in regard to the class of catalysts con 
monly termed “enzyms” or “non-organized ferments,” the latter, howe, 
a phrase that should be avoided. Diatase, invertase, pepsase, trypsase a! 
similar catalysts, that take such a great part in the processes of digesti 
in plants and animals, are very susceptible to temperature and to the react 
of the liquid. The susceptibility of many catalysts to interference by sma 
amounts of other substances, generally called “ poisoning,” has been studi: 
a great deal in connection with some industrial process. Thus, the contact 
method for sulphuric acid depends on the use of platinum in a finely divid 
condition, but the presence of some other metals, such as arsenic and mercu! 
in very minute amounts, will soon render the platinum inert. Berliner h 
shown that the presence of fatty vapors in the air, or grease from the stoj 
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will decrease the absorption of hydrogen by palladium to practically zero. In 
this connection the work of Chaney, presented to the thirty-ninth general meet- 
ing of the American Electrochemical Society (1919) on the activation of 
charcoals, will be of value. It was shown that all primary amorphous 
carbon consists essentially of a stabilized complex of hydrocarbons adsorbed 


n a base of active carbon. Charcoals prepared at moderately high 
temperatures retain considerable amounts of hydrocarbons. A hydrocarbon 
resembling anthracene, boiling at 360° C., was isolated from cedar charcoal 
hich had been calcined at 850° C., and chlorine substitutions may be obtained 
notable quantity by passing chlorine over coconut or other charcoals which 
ive been calcined at high temperatures 
As might be expected, a large space in the book is devoted to the pro- 
cedures of hydrogenation, a field in which the author has been very actively 
engaged and in which he has been a pioneer. Outside of the chapters on hydro 
genation, a large amount of data of various types is to be found, and the 
book shows how extensive and complicated is the field of catalytic action 
Being limited to organic chemistry, many phases of the phenomenon are neces 
sarily omitted, but it seems that the process for production of ammonia by 
direct union should have been included. It is true that the main object of 
the process as applied practically is to the manufacture of inorganic bodies, 
ammonia and nitric acid have intimate relations with organic chemistry, 


1 


ind the Haber process has been so much discussed lately that it would have 
been interesting and useful to have the opinions of the author and _ trans- 
lator concerning it, and concerning the cause of the terrific explosion at the 
Oppau plant. The translator has done well in the work of turning the French 

English, and has also done an especial service in verifying the numerous 


references. We must also thank him cordially for having given two very full 
lexes—names and subjects—which were probably lacking in the original, 
French scientists are notoriously and criminally negligent on that score 
One point in the make-up of the book deserves unfavorable criticism. The 
xt is divided into many brief paragraphs, and the index references are to 
hese paragraphs. This, in itself, is not seriously objectionable, but the paging 
the book is carried on the inside of each leaf, while the initial and final 
paragraph numbers are in the places usually occupied by the paging. There 
ms to be no necessity for this arrangement. It 1s certainly very unusual 
American books, and it is to be hoped that the custom will not be followed 
the form is borrowed from the French original then we can say that 


are some things which are not “ ordered better in France 


E NEWCOMEN SOCIETY FOR THE STUDY OF THE History oF ENGINEERING 
\ND TECHNOLOGY. Transactions, Vol. I, 1920-21. 77 pages, official data 
and index, 18 plates, quarto form, 7% by 10 in. Printed for the Society 
Price 20 shillings. 

The scope of the society is sufficiently indicated in its title. Although 
present made up of British membership, it will be the endeavor of its pro- 


moters to make it international. It is believed to be the first society formed 
; r its purpose. The plates are representations of early British inventions 
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The initial article is by E. W. Hulme, B.A., entitled “ An Introduction to +! 
Literature of Historical Engineering to the Year 1640.” It would seem to | 
better form to say “ Historical Literature of Engineering,” which is really w! 
the author means, but this may be thought hypercriticism. The history 
engineering, it appears, has its mysteries, for an article by L. St. L. Pend: 
is on “ The Mystery of Trevithik’s London Locomotives.” The formation 
the society and the appearance of the first volume of its Transactions 
gratifying evidences of the spread of a broader culture among those wh 
labors are so strongly directed to the practical side of human affairs. | 
information as to the terms and conditions of membership can be obtained 
addressing the Hon. Secretary and Treasurer, H. W. Dickinson, M.I., Mech.! 
The Science Museum, South Kensington, London, S. W. 7. 

Henry LeFFMAN? 


Tue Properties oF EvectricaL Conpuctinc Systems, IncLtupinc EL ecri 
LYTES AND Metats. By Charles A. Kraus, Clark University. 408 pag 
indexes and 70 illustrations, 8vo. New York, The Chemical Catal 
Company, 1922. Price $4.50 net. 

This is another volume of the American Chemical Society’s monogra; 
series, and in form and style follows those previously issued. The series 
intended to present special considerations of chemistry and physical chemist: 
in a detail that is not possible in the ordinary text-book or dictionary. T! 
volume in hand goes very deeply into the theories and practise of electrol) 
though not dealing directly with technologic phases. The enormous devel 
ment of electricity in all fields is evident in many ways, and in this book 
have the evidence of how vast has been the advance since Faraday announ 
his results on electrolytic effects. Professor Kraus states in the preface t! 
the most recent developments of chemistry and molecular physics have b 
principally along the line of the application of the theory of ionization to « 
conception of matter. The primary views have passed away, as is the « 
with all early theories, but have served as a guide in directing and suggest! 
research. -To-day an intimate relation between matter and electricity 
accepted as a principle as securely established as the atomic theory itself. T! 
theoretical interest and practical importance of electrolytic phenomena h: 
been a powerful impulse towards experimenting along such lines, and hence th: 
literature of chemistry and physics abounds with contributions purely theo: 
tical and purely practical, as well as those which touch both fields. 1 
successful establishment of the Amerian Electrochemical Society is one 
the indications of the extensive cultivation of this branch of science. | 
data that have been obtained by the many workers are scattered through ma: 
journals and transactions, and the purpose of the present volume is to su! 
marize these contributions and thus make them easily available to the student 
to research workers. The volume is also adapted to the wants of workers 
in allied branches. 

Principal attention has been given to systems in which ionic phenomena 
are clearly in evidence. Metallic systems are included, as a relation betwee! 
phenomena in metallic and electrolytic systems is unmistakeable. The subj 
of electrolytic solutions is the most extensively treated, and all data 
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given from essentially an empirical standpoint, as the author holds that as 
yet an adequate theory of electrolytic solutions has not been brought forward. 

he theory finally adopted will, he thinks, be a composite and will embody 
some of the fundamental elements of the older ionic theory. 

Many tables and diagrams are added, and the book constitutes a very 
-omprehensive collection of data on a subject of great importance and much 
ibstruseness. The numerous references to the literature enable the user of 
he book to fill out details along any line that may be in hand. The mechanical 
execution is excellent. Henry LEFFMANN. 
[ue Recovery oF VoLatite Sotvents. By Clark Shove Robinson, Mas- 

sachusetts Institute of Technology. 183 pages, index and 73 illustrations. 
8vo. New York, The Chemical Catalog Company. Price $2.50 net. 

The term volatile solvents might be difficult to define, for water and 
rcury come within a broad interpretation thereof. The book in hand, of 
rse, does not cover so wide a range, but relates to the familiar organic liquids 

it are used for extractions with substances that water does not appreciably 
dissolve. In the analytic laboratory the use of “ miscible” and 


+} 


“immiscible ” 
solvents is frequent, and here again a captious critic might challenge the accuracy 
of the phrase, for in strict construction, every so-called immiscible solvent dis- 
solves to a certain extent in the other liquid—almost always water—and is also to 
a limited extent dissolved by it. The author gives, indeed, a rather wide 
interpretation to his title, but not in either of the directions just noted, des- 
iptions being given of methods used for extracting gasoline from natural gas. 
The recovery of volatile solvents has been long practised on a limited scale 
the analytic and research laboratory, especially with the more expensive 
liquids, but the purpose of this work is to give the existing state of the art 
theories as applied to large scale operations. The solvents used in the 
laboratory and even in industries in early days were few. Alcohol, ether, 
hloroform, light petroleum and light tar distillates were the familiar forms. 
The list in this book includes over two score substances, some of them 
\lerately complicated synthetic products. The importance of accurate study 
the physics and chemistry of solvent recovery lies principally in the cost 
the material, but in some cases increasing scarcity is a dominant urge. 
Notwithstanding the fact that the present work is the first of its type that 
ippeared, the literature of the subject is very extensive. It is presented in 
ellent form in an appendix, the items being arranged chronologically. A 
isiderable number of the items are records of patents, a fact that indicates 
extensive development that the procedures have in industries. Scientists 
uld interest themselves in securing some international and authoritative’ 
thods of quoting and arranging references. Two methods of arranging 
in frequent use: Chronological and alphabetical, the latter by authors’ 
names. Neither method is really commendable. A classification by subject, 
even in a special bibliography, would be the proper method, but the work of 
making such a list is laborious and costly. In addition to deciding on the 
rrangement, a precise method of quoting each reference should be used. In 
quoting from a periodical that has both volume and year, both should be 


ven, as one datum serves as check upon possible error in the other. The 


“epee er 


IEE N LOE EI ae 


LEE ETO GIRLIE NINE BOE ILLS LEROY IE I PTA OO I 


PI ae 


142 300K NOTICEs. [J.F.1 


bibliography in the book in hand offends a great deal in this respect, the volun 
being rarely quoted. In many cases a supplementary reference to C. A 
given, with both volume and year. A commendable feature is the use oi! 
Arabic numerals for the volume number. The practise of employing Roma 
numerals for volume numbers is a relic of the middle ages that may w: 
be eliminated in science. The higher numbers are difficult to read and typ 
graphic errors are far more likely to occur than with the common figures. 
instance of the viciousness of the Roman numeral system came recently to t! 
notice of the writer of this review. A reference was given to Gilb. A) 
iv. It happened that from another source the reference was known to 
“Iv.” It can be seen what a wild goose chase the searcher would have und 
taken if the first reference had been the only one at hand. The addition of 
year would, of course, have sooner or later put him on the right track, hen 
the advisability of giving both data. In many cases journals of long stand 
have been issued in series, and with all such the series should of cours« 
given. It is evident, however, that in the case just mentioned, while iy 

lv may be easily confused 4 and §5 can not be. 

Turning to the contents of the book in hand, it is found that the subj: 
is presented in much detail and very thoroughly. As the processes discuss: 
are all mechanical at base, many illustrations of apparatus are given. Thx 
large number of quotations from patent-literature given in the bibliography 
will be of great aid to those in charge of recovery plants, who may hay 
developed improvements on existing apparatus and desire to protect their i 
ventions. Brief statements of the important points in many patents are append 
to the reference. The author remarks that he has been much surprised 
find that many devices that he believed to be new have been long anticipat 
His experience in this direction is a common one. Scarcely any process 
recent development is without anticipation in some degree. His experiet 
lead him to the view that so far as regards the basic processes of recove! 
there is very little opportunity for inventors, but this may be a rash predicti 
The “patient search and vigil long” of the inventor is often unexpected! 
rewarded. The physical chemistry of the procedures is taken up, and ma: 
tables and graphs are given to illustrate and explain the principles involv: 
The work constitutes a very valuable addition to the literature of chemi 
engineering, which has developed so extensively of late years in this count: 
a development that is steadily tending to render the nation independent of othe: 
The mechanical construction of the book is of the excellent type wh 
characterize the productions of the well-known publishing house. The litera: 
style is not of the best. In the general text; which is largely descriptive ai 
formally scientific, this does appear, but the preface is written in a weak 
style, with an over-use of words. Laxity of literary form seems to be t! 
tendency in American scientific literature. The education of the student 
science courses is directed so strongly to the practical side that traini 
in the proper use of words and even in the proper method of speaking 
being neglected. Probably the discontinuance of classical study has had som 
thing to do with this falling off. However, the merits of this book are 
the material presented, and this criticism is merely a personal reaction of 
reviewer to some of the setting. Henry LEFFMANN 
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The Analysis of Rubber, by John B. 
Monograph Series. 155 


RECEIVED. 


Tuttle, American Chemical Society 


pages, 8vo. New York, The Chemical Catalog Com- 
pany, Inc., 1922. Price $2.50 

Catalysis in Organic Chemistry, by Paul Sabatier. Translated by 
E. Emmet Reid. 406 pages, 8vo. New York, D. Van Nostrand Company, 
1922. Price $5.00. 

Les Applications Elémentaires des Fonctions Hyperboliques a la Science de 

Ingénieur Electricien, par A. E. Kennelly, Professeur d'électricité appliquée, 
Université de Harvard. 153 pages, illustrations, 8vo. Paris, Gauthier-Villars 
et Cie., 1922. Price 15 Francs. 

A First Book in Chemistry, by Robert H. Bradbury, A.M., Ph.D., Head 

f the Department of Science, South Philadelphia High School. 687 pages, 
illustrations, 8vo. New York, John Wiley and Sons, Inc., 1922. Price $5.00. 

Introduction a la Théorie de la Relativité Calcul Différentiel Absoln et 
Géométrie, par H. Galbrun, Docteur es Sciences. 457 pages, 8vo. Paris, 
Gauthier-Villars et Cie., 1923. Price 60 Francs. 

La Composition de Mathématiques dans l’examen d'admission a I’Ecole 
Polytechnique de 1901 a 1921, par F. Michel, M. Potron. Exercises d'appli- 
cation du cours de mathématiques spéciales. 452 pages, illustrations, 8vo. 
Paris, Gauthier-Villars et Cie., 1922. Price 40 Francs. 

Théorie des Nombres, par M. Kraitchik avec une préface de M. d’Ocagne. 
229 pages, 8vo. Paris, Gauthier-Villars et Cie., 1922. Price 25 Francs. 

The Recovery of Volatile Solvents, by Clark Shove Robinson. First edi- 
tion. 188 pages, illustrations, 8vo. New York, The Chemical Catalog Com- 
pany, Inc., 1922. Price $2.50. 

Belt Conveyors and Belt Elevators, by Frederic V. Hetzel, M.E. 333 pages, 
illustrations, 12mo. New York, D. Appleton and Company, 1922. 

Le Tunnel du Simplon. Sa construction, son achévement, 1898-1921. En 
commemoration de la pose de la derniére clef de vote 4 Decembre, 1921. 47 
pages, illustrations, plates, 8vo 

The Sanitation of Bath Houses, by Wm. Paul Gerhard, C.E. Reprinted 
from “ Architecture and Building.” 16 pages, illustrations, quarto. New York, 
Author, 1922. Price 60 cents. 

National Advisory Committee for Aeronautics: Technical Notes No. 117, 
The Synchronization of N.A.C.A. Flight Records, by W. G. Brown. 3 pages, 
illustrations, photograph, quarto. No. 118, F-5-L Boat Seaplane-Performance 
Characteristics, by Lieutenant W. S. Diehl. 8 pages, illustrations, quarto. 
No. 119, The Elimination of Dead Centre in the Control of Airplanes with 
Thick Sections, by Thomas Carroll. 3 pages, illustrations, quarto. No. 120, 
A Preliminary Study of Airplane Performance, by F. H. Norton and W. G. 
Brown. 7 pages, illustrations, photograph, quarto. Eighth Annual Report, 
1922. Administrative report without technical reports. 52 pages, quarto. 
Washington, Government Printing Office, 1922. 


CURRENT TOPICS. 


The Protection of Brass Weights. J. J. Mantes. (Phi/ 
Mag., Nov., 1922.)—Regular use in the laboratory for sixteen years 
and numerous re-standardizations have shown that Faraday’s metho: 
of protecting iron weights is applicable also to weights of brass 
The polished weights were heated in a semi-luminous gas flame unti! 
they were almost red hot and then were plunged at once into boiled 
linseed oil, where they remained to cool. After removal they were 
washed in turpentine and rubbed with old linen. The surface thus 
acquired a uniform tint of bronze. Recently the repetition of this 
treatment led to unsatisfactory results, attributed to a change in th 
chemical composition of the gas used for heating the weights. The 
following plan was adopted with success. The weight, evenly covered 
with linseed, was supported upon a few sharp points within 
crucible which was then heated in a Bunsen flame. When the weight 
assumed a golden color the process was complete. After it had 
cooled in the crucible, the weight was rubbed with an old silk hand 
kerchief and subsequently adjusted. The mass of the layer covering 
the surface was calculated to be about .coo05 grm. per sq. cm. 

G. F. S. 


Early Chemical Industry in America is described by C. A 
Browne (Jour. Ind. Eng. Chem., 1922, xiv, 1066-1071). The In 
dians imparted to the first settlers a knowledge of rubber, maple 
sugar, chocolate, vanilla, cochineal, tapioca starch, and other com- 
modities. The Spanish settlers devised the cold amalgamation or 
patio process for the extraction of silver from its ores; they and the 
French smelted the lead ores of Missouri in a crude fashion. The 
English introduced chemical manufactures. In 1642 the General 
Court of Massachusetts took measures to insure the manufacture of 
saltpetre. This compound was manufactured during the War ot 
1812 from wood ashes and the calcium nitrate deposits of the 
Mammoth cave. i ee 
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